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SUMMARY 
Traditionally most productivity measures in the Iron 
and Steel Industry have concentrated on the relationship 
between some measure of output, such as output in constant 
dollar value, or quantity of physical units produced and a 
measure of labor input, such as manhours, employment costs, 
number of employees, etc. Productivity analysis and inter­
pretation by only considering one input factor, such as labor, 
can be quite misleading since the effects and interdependencies 
of other input factors are not considered. It is recognized 
that a better interpretation of productivity trends in industry 
can be achieved by including the effect of other inputs, such 
as capital, materials, or energy in addition to labor. It 
is the purpose of this thesis to develop a "composite pro­
ductivity" measure for the U. S. Iron and Steel Industry. 
Composite productivity is defined as the relationship of 
three outputs, namely, revenues, tons produced and tons 
shipped in respect to the added effect of four inputs, labor, 
materials, electric energy and capital. 
By using the aggregate industry's historical data and 
available forecasting and regression techniques, model equa­
tions for each individual output and input factor are obtained. 
The model equations are used to forecast composite produc­
tivity trends. 
X 
Results show decreases in composite productivity when 
the sum of the four inputs factors mentioned is considered. 
When the effect of capital is excluded and composite pro­
ductivity is measured in respect to the sum of labor, 
materials, and electric energy, small productivity increases 
are obtained. This means that the constant dollar capital 
increases have given a continuing decrease in composite 
productivity. 
Sensitivity analysis of composite productivity in 
respect to variations in the rate of changes of the indivi­
dual input factors is considered. This allows assessment of 
the relative importance of each input factor in effecting 
composite productivity change. 
A capacity expansion hypothesis is considered. Com­
posite productivity is measured from 1977 to 1983, using 
estimates published in steel industry literature about 
the capacity expansions and capital expenditures required to 
be able to supply the expected future steel demand. Results 
show that if the additions of capacity, replacements and 
pollution control equipment actually require the expected 
capital expenditures, then composite productivity will con­




Background and Description of the Problem 
The concept of productivity and issues related to it 
have been much discussed in recent years. Generally speaking, 
productivity implies the relationship of some measure of out­
put in respect to a single or several measures of input. 
Traditionally, most productivity measurements have concen­
trated on what has been called partial measures of productivity 
because they relate output to a single input component. The 
most commonly used input factor is a labor input measure such 
as manhours, number of employees, employment costs, etc. 
Productivity analysis and interpretation limited to consider­
ation of only a single input factor can be misleading because 
the effects and interdependencies of other inputs are not 
taken into account. For example, an increase in productivity 
indicated by measuring output in respect to manhours could be 
due to a more efficient utilization of labor, but it also could 
be caused by the utilization of better and more expensive 
materials, more expensive and sophisticated equipment, dif­
ferent technology, larger amounts of skilled laborers, etc. 
The effects of other input changes are not explicitly con­
sidered in any partial productivity measures. 
More recently there have been attempts to develop 
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a more complete measure of productivity. These have been 
labeled total and composite measures of productivity. These 
relate a measure of output, normally in either, value or 
physical units, in respect to several tangible inputs factors 
that contribute to the production of output. The use of a 
given set of inputs in a particular situation is determined 
generally in terms of the magnitude of contribution that 
inputs have on output. 
The concept of productivity is clear. In either 
partial, composite or total measures, productivity is expressed 
as a ratio between output and the inputs associated with pro­
ducing it. In essence, the concept of productivity is related 
to the optimum utilization of scarce resources. 
The measurement of productivity is not always as clear 
cut and is considered by many authors as the most controversial 
aspect of productivity studies. Most often, approximations, 
conversions and estimations have to be performed in output 
and input factors in order to yield the particular produc­
tivity measure of interest. Comparison of productivity among 
different countries, industries, and firms are not always 
valid, either because the measurement procedures themselves 
are not comparable or because that the characteristics 
of output and input factors are not similar. 
Quality improvements in the output and input factors 
utilized are seldom quantified, especially in the produc­
tivity measures expressed in terms of physical quantities. 
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There is no agreement and no standard approach for 
dealing with other measurement issues such as: the choice 
of a weighting system for measuring heterogeneous outputs, 
how to deal with intangible capital expenses, and the returns 
associated from them, the treatment of tangible capital flow, 
the non-homogeneous nature of the labor input, etc. 
The importance of seeing productivity improvements at 
the firm level is the result of recognizing the capital 
effects that firm productivity can have upon the industry 
level and the overall National Economy. There is concensus 
that productivity has a most important bearing on costs, 
prices and profits, on competitiveness in domestic and foreign 
markets, business success, and growth, on inflation and the 
prospect of offsetting the continuing increases in operating 
costs. Unfortunately, no concensus yet exists about what can 
be done about measuring productivity at the individual enter­
prise or firm level. 
When there is a large gap between changes in produc­
tivity (output/manhour) and labor compensation (compensation/ 
manhour) the result is a large increase in unit labor costs. 
This has inflationary effects because prices and wages rise at 
different rates setting in motion an inflationary 
spiral. This behavior can be stopped by "increasing the rate 
at which productivity grows, so that wages can rise without 
increasing unit labor costs so the pressures on prices are 
1 
reduced". This effect upon inflation, is so important that 
4 
productivity improvement is considered an extremely important 
aspect in the improvement of the standard of living of a 
nation and of society. 
Steel industry productivity has been commonly measured 
and analyzed by considering only one input factor of produc­
tion, the labor input, expressed in terms of manhours. The 
U. S. Bureau of Labor Statistics, B.L.S., has been publishing 
indexes of output per manhour for major industry classifica-
2 
tions in the U. S., which covers data since 1939. Relying 
solely on these output per manhour measures for analysis and 
interpretation of productivity trends, can be quite dangerous 
in a highly capital intensive industry such as steel. The 
failure to explicitly consider capital invested in machinery 
and raw materials in the productivity measure can certainly 
lead to erroneous interpretations. The ratio of output per 
manhour excludes the capital and materials inputs. This 
implies that the productive efficiency of these two factors 
can only be evaluated indirectly in terms of their effect on 
manhour output. 
For example, a new piece of machinery or a new 
technological process can double output per manhour, but its 
cost and installation expressed in constant dollars can twice 
exceed the cost of new units of the previous equipment or 
process. In this case, output per manhour would increase, 
but clearly capital productivity would decrease and depending 
upon the relative importance of labor and capital the net 
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effect could be a productivity decrease. This same new 
machinery or process will use different raw materials or 
different amounts of the same materials , will use 
energy at different rates, will require new maintenance 
expenses, etc. All these additional input factors 
of production are not considered in a partial measure such 
as output per manhour. Despite these deficiencies the Bureau 
of Labor Statistics output per manhour indexes can provide 
some insight into how the steel industry compares in this 
measure with other industries and with the overall economy. 
The importance given recently to the productivity in steel 
might be a result of the rather pronounced lag in its produc­
tivity growth compared to the growths in productivity of the 
total private economy and by manufacturing industries in 
3 
general. Hogan mentions that the B.L.S. figures show a 
yearly growth rate in output per manhour of 1.7 percent from 
1947 to 1970 in the steel industry compared with a 2.9 percent 
rate for all manufacturing industries and 3.2 percent rate 
for the total private economy. During the decade of the 
fifties, it averaged approximately 1 percent annual growth 
rate. This increased to 4.3 percent annually in the first 
half of the sixties keeping in pace with the all manufacturing 
rates. But this rate decreased sharply from 1965 to 1970, 
averaging 0.4 percent annually well below the also decreased 
2.0 percent annual growth for the total private economy. 
The large productivity (output per manhour) advantage 
6 
that the U. S. had on steel in the early sixties has almost 
disappeared. This behavior is shown in the following table. 
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Table 1.1. Manhours Per Ton of Shipped Steel 
Country 1960 1965 1970 
Japan 44.2 27.9 12.4 
West Germany 24.2 21.6 14.5 
U. S. A. 15.0 12.2 11.9 
The younger steel industries of West Germany and 
especially Japan have been able to accomplish much greater 
productivity gains than the more mature U. S. steel industry. 
These results are not alarming, it is easier for an emerging 
industry to install more productive machinery and processes 
than in an already established industry. In the older 
industries the matching of old and new processes and equipment 
is not always possible or desirable and often investment in 
more productive equipment is postponed for some time in the 
hope of more compatible technological or economic alterna­
tives in the future. This means that younger steel industries 
of other countries are in a better position than the U. S.'s 
to obtain productivity gains. The small advantage still 
maintained by the U. S. can be lost if the steel industry 
does not find the way to almost immediately replace obsolete 
facilities with newer and more efficient plants, equipment, 
and processes. A major problem is that the necessary capital 
to make these replacements has been difficult to acquire in 
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recent periods of great inflationary pressures and low profit 
margins generated by the industry. 
Objectives of the Study 
The overall objective of the study is to provide a 
composite productivity measure to be used in measuring 
productivity trends for the aggregate U. S. Iron and Steel 
Industry. A composite productivity measure is defined as the 
relationship between annual level of output factors such as 
shipments, production and revenues in respect to the sum of 
the annual level of important input factors such as labor, 
materials, electric energy and capital. Productivity measure­
ment in the iron and steel industry has been limited to the 
analysis of partial productivity measures, normally by mea­
suring output in respect to manhours of labor input. Total 
or composite productivity measures, that explicitly take into 
account the effect of various input factors, have not been 
found in the literature. It is the purpose of this work to 
measure the trends in composite productivity in order to 
observe how they compare with the traditional productivity 
measures that only consider the labor input. This will pro­
vide additional information about the effects of other inputs 
factor in relation to the steel industry's productivity. 
The objectives of the study can be summarized in 
the following points: 
1. To define the composite productivity measures by using 
shipments, production, and revenues as output factors. 
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the first two in terms of tons and revenues in terms of 
constant dollar value. Input factors are labor materials, 
electric energy and capital, also in terms of constant 
dollar value. Ratios of each output factor in respect to 
the sum of the four inputs are used as composite produc­
tivity measures. These are: 
Shipments (tons)/[labor + materials + electric energy + capital] 
(constant dollars) 
Production (tons)/[labor + materials + electric energy + capital] 
(constant dollars) 
Revenues (constant dollars)/[labor + materials + electric energy 
+ capital](constant dollars) 
The ratio of each output factor in respect to the sum 
of labor, materials, and electric energy, excluding 
capital is also considered. This is done because the 
first three input factors are variable costs, dependent 
on the level of output, whereas capital, measured as value 
of capital stock, is a fixed cost which does not vary 
with the level of output, at least in the short run. 
This difference in the nature of the input factors 
suggests that a productivity measure that does not com­
bine them, should also be considered. 
2. To obtain from analysis of historical data, valid 
model equations for each output and input factor, 
using available forecasting and regression techniques. 
The model equations will serve the purpose of a fore­
casting or prediction package from which one period 
a h e a d f o r e c a s t s , o r f o r e c a s t s f o r l o n g e r p e r i o d s o f o u t ­
p u t a n d i n p u t f a c t o r s c a n b e o b t a i n e d . 
T o u s e t h e m o d e l e q u a t i o n s t o c o m p u t e a n n u a l p r o d u c ­
t i v i t i e s . P r o d u c t i v i t y m e a s u r e m e n t s u s i n g o n e p e r i o d 
a h e a d f o r e c a s t s w i l l b e c o m p a r e d t o p r o d u c t i v i t i e s 
o b t a i n e d b y u s i n g t h e a c t u a l d a t a f r o m 1 9 5 0 t o 1 9 7 6 . 
T h e m o d e l s w i l l b e u s e d t o p r o v i d e p r o d u c t i v i t y f o r e c a s t s 
f r o m 1 9 7 7 t o 1 9 8 6 . T h e p r o d u c t i v i t y t r e n d s f o r b o t h 
t h e a c t u a l a n d f o r e c a s t e d d a t a w i l l b e c o m p a r e d i n t e r m s 
o f a v e r a g e r a t e s o f c h a n g e . 
T o o b t a i n a b e t t e r u n d e r s t a n d i n g o f t h e e f f e c t s o f 
i n d i v i d u a l i n p u t f a c t o r s r a t e o f c h a n g e o n p r o d u c t i v i t y 
t r e n d s . E a c h i n p u t f a c t o r f o r e c a s t e d r a t e o f c h a n g e w i l l 
b e i n c r e a s e d a n d d e c r e a s e d b y t h e s a m e a m o u n t i n o r d e r t o 
o b s e r v e w h a t e f f e c t s t h e c h a n g e s h a v e o n t h e p r o d u c t i v i t y 
t r e n d s . 
T o b e a b l e t o u s e t h e m o d e l e q u a t i o n s t o g e t h e r w i t h 
a s s u m p t i o n s a b o u t c a p a c i t y e x p a n s i o n p r o g r a m s t h a t t h e 
s t e e l i n d u s t r y h a s f o r t h e f u t u r e , i n o r d e r t o r e a c h s o m e 
c o n c l u s i o n s a b o u t w h a t e f f e c t s t h e s e p r o g r a m s m i g h t h a v e 
o n t h e i n d u s t r y ' s c o m p o s i t e p r o d u c t i v i t y . 
A c o m p o s i t e p r o d u c t i v i t y m e a s u r e o f t h e a g g r e g a t e 
U . S . s t e e l i n d u s t r y c a n b e u s e d a s a n i n d u s t r y b e n c h m a r k 
t o w h i c h i n d i v i d u a l f i r m s c a n c o m p a r e t h e i r i n d i v i d u a l 
c o m p o s i t e p r o d u c t i v i t y p e r f o r m a n c e . O b v i o u s l y , t h i s w o u l d 
r e q u i r e a d j u s t m e n t s b e c a u s e i n m o s t c a s e s n o i n d i v i d u a l 
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f i r m s m i g h t b e r e p r e s e n t a t i v e o f t h e a g g r e g a t e i n d u s t r y ' s 
o p e r a t i o n s . 
T h e u s e o f t h e m o d e l e q u a t i o n s p a c k a g e c a n b e s u m m a r i z e d 
a s f o l l o w s : 
1 . T o f o r e c a s t n e x t y e a r ' s l e v e l o f i n p u t a n d o u t p u t f a c t o r 
f r o m w h i c h c o m p o s i t e p r o d u c t i v i t y c a n b e c o m p a r e d . 
2. T o f o r e c a s t f o r l o n g e r l e a d t i m e s i n o r d e r t o o b t a i n a n 
e s t i m a t e o f l o n g t e r m p r o d u c t i v i t y t r e n d s . 
3 . T o s e r v e a s a m a n a g e m e n t t o o l , n o t o n l y f o r p r o d u c t i v i t y 
c a l c u l a t i o n s , b u t a l s o i n t h e a r e a o f p l a n n i n g , c o n c e r n i n g 
c o s t s , s u b s t i t u t i o n o f i n p u t s , j u s t i f i c a t i o n o f w a g e a n d 
s a l a r y i n c r e a s e s , c a p i t a l e x p e n d i t u r e d e c i s i o n s , a n d i n 
g e n e r a l , w h e r e t h e i m p a c t o f i n p u t s o n o u t p u t s i s o f 
i m p o r t a n c e . 
T h e s e l e c t i o n o f s h i p m e n t s , p r o d u c t i o n a n d r e v e n u e s 
a s o u t p u t f a c t o r s d o n o t r e q u i r e m u c h j u s t i f i c a t i o n s i n c e t h e y 
a r e t h e m o s t c o m m o n l y u s e d o u t p u t m e a s u r e s i n t h e s t e e l 
i n d u s t r y . 
P r o d u c t i o n d a t a m e a s u r e s t h e n e t t o n a m o u n t o f r a w 
s t e e l p r o d u c e d a n d g i v e s a n i n d i c a t i o n o f t h e o v e r a l l i n d u s t r y 
p r o d u c t i o n p o l i c y i n t e r m s o f e x p e c t a t i o n s a b o u t f u t u r e 
d e m a n d s , p r o d u c t i o n c a p a b i l i t i e s a n d c u r r e n t i n v e n t o r y l e v e l s . 
T h i s i s t h e m o s t i m p o r t a n t o u t p u t f a c t o r f o r m e a s u r i n g t h e 
e f f i c i e n c y o f c o n v e r s i o n o f t h e i n p u t s . S h i p m e n t s m e a s u r e s 
t h e f i n i s h e d s t e e l t o n n a g e s h i p p e d f r o m t h e s t e e l m i l l s t o t h e 
c u s t o m e r s a n d g i v e s a n i n d i c a t i o n o f c u r r e n t l e v e l s o f d e m a n d . 
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Revenues represent the value of shipments, dependent on 
current demand and level of prices of finished steel products. 
Revenues and inputs factors will be adjusted in constant 
value terms in order to be used in productivity calculations. 




This chapter will cover some of the most important 
productivity issues treated in the relevant literature about 
this topic. The first part of the chapter will deal with 
issues of productivity in general, pertaining to the economy, 
industry and firm level. This first part will be divided 
into three sections: Productivity Meaning and Implications; 
Treatment of Outputs and Inputs; Measurement Problems. The 
second part of the chapter will cover productivity related to 
issues of the U. S. iron and steel industry. 
Productivity Concepts 
A great deal has been written about productivity, but 
unfortunately a large proportion of that writing has been 
stated in rather vague and general terms. This vagueness in 
productivity literature might be the result of authors failing 
to realize that any productivity measure, topic or discussion 
should always be stated in terms of the purpose it is going 
to serve and the particular system that it is going to mea­
sure. There is no such thing as a "best measure of produc­
tivity." The success of any productivity measure can only be 
gauged in terms of how useful it is to management and how 
realistically it measures the particular output-input rela-
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tionship that management is interested in. 
Solomon Fabricant agrees that despite the importance 
and attention given to productivity the subject is surrounded 
with confusion. He mentions: 
First, people employ the same term but mean different 
things. As a consequence, various figures on productivity 
change come into use, and these often differ in signifi­
cant degree. Further, the rate of productivity change is 
not a fixed quantity... What the past or current rate of 
productivity change is, depends on the particular period 
for which the calculation is made. If no reference is 
made to the period, and if the period varies considerably 
from one context to another, confusion results. In 
addition, the statistical information available for cal­
culating productivity indexes is deficient in various 
respects... Failure to specify the methods and the 
assumptions involved in the process of estimation, or 
failure to understand them, adds to the confusion. 
Productivity Meaning and Implications 
There is good concensus among authors about what is 
meant by productivity. A measure of productivity is usually 
defined as an output-input ratio, which relates the output 
(goods and services) to one or more of the inputs which were 
associated to that output. Productivity is interpreted as 
the efficiency of conversion of the inputs to produce a given 
output. 
As mentioned in the previous chapter, productivity 
measures are normally classified in partial and total produc­
tivity measures. 
Partial productivity refers to the relationship of total 
output to a single input factor, normally labor or capital. 
Total productivity attempts to relate total output to all 
inputs factors used to provide the output. There is not 
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complete agreement yet about what constitutes "all inputs." 
When we are dealing with National or Economy Productivity 
"all inputs" are normally all tangible inputs such as labor, 
capital and land. For the firm level, Craig and Harris^ 
explain that more inputs are necessary to correctly express 
total productivity. Input factors such as raw materials, 
energy, purchased parts, miscellaneous goods and services are 
not included in a total productivity National Economy measure 
because they represent intermediate products or goods and must 
not be included in order to avoid double counting of output. 
These additional inputs factors must be included in the typical 
firm total productivity measure. 
At the national economy level the most commonly used 
productivity measure is real output per hour of work, a partial 
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measure. S t e m arques that if labor compensation per hour 
increase at the same rate as output per hour, unit labor costs 
will remain stable, and that if the shares of compensation in 
the economy remain unchanged then on the average, prices 
should remain stable. He further mentions that the price level 
generally moves closely with the ratio of compensation per hour 
to output per hour except for cyclical or other short interrup­
tions. According to this behavior, wage increases equal to the 
average increases in labor productivity expressed in terms 
of output per manhours should not have inflationary effects. 
The mechanism of the Clark-Hanson Law referred to by Craig 
g 
and Harris is that prices would be increased in those sectors 
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with lower than average productivity and reduced in sectors 
where productivity is above average, the net effect being 
an all around increase in wage rates, and general price level 
remaining constant. They offer two objections for this 
behavior to occur in practice. First, that prices are rela­
tively stable or immobile downward. This means that no price 
reduction will result and that the effect of a wage increase 
equal to the average productivity gains will be an increase 
in prices or a reduction of profits. The general price 
increase will result in further wage increases setting in 
motion the inflationary spiral. Second, they argue that 
labor productivity alone is an invalid measure to determine 
wage increases. Labor productivity can be increased, but the 
costs incurred to provide this increase must be considered. 
Relying on labor productivity alone to provide wage increases 
can result in erroneous decisions, this being one of the 
dangers surrounding partial productivity measures. 
Generally it is assumed that increasing productivity 
is related to economic growth. However, there is not com­
plete agreement among productivity economists about how much 
have productivity increases contributed to economic growth. 
9 
Craig and Harris mention that "correlation of economic growth 
to total productivity has not been rigorously demonstrated,11 
and that most often partial productivity measures have been 
used to compare economic growth. Also, analysis of increases 
in output may show that these are brought about by investment 
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costs that offset most of the output increases. 
The point of productivity and changes in economic 
structure is discussed by Craig and Harris"^ and quantified 
by Kendrick.^ These authors point out that there have been 
economic structural changes in both inputs and outputs that 
might account for declines in the rate of productivity gains. 
The first two authors offer four points that could help 
explain this behavior: 1) Productivity gains from the 
agricultural sector now contribute less than what they once 
did because agriculture is becoming a decreasing portion of 
the economy; 2) the service sector is becoming a larger por­
tion of the economy and consequently its lower than average 
productivity gains are now having a larger effect than what 
it once did; 3) the close relationship of year to year change 
in productivity indexes and business cycles. Craig and 
Harris mention that businesses are reluctant to lay off peopl 
at the beginning of a downturn resulting in an "excess" labor 
12 
input. Fortune Magazine explains that there are delays by 
employees in adjusting to changing needs. Whenever there is 
a boom, it takes time to find and hire the necessary people. 
In recessions, employers are reluctant to lay off workers at 
once, thinking that they might have to rehire them soon. 
After workers are laid off, and even with the recession on, 
there is for a while, a typical productivity gain rising 
faster than output. 4) The Government sector has been 
growing as an economic factor. Government's output is mea-
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sured at cost, meaning that its total productivity is always 
constant and equal to one. As Government becomes an increasing 
sector of the economy, its inclusion in a productivity measure 
will tend to reduce the magnitude of productivity gains. 
Kendrick's studies mentioned above, quantify the 
changing structures of inputs and outputs. Concerning data 
from 1889 to 1957 he states: 
Changes in inputs on a per capita basis have a some­
what different relative importance than straight changes. 
Thus, capital input increased at an average rate of 2.7 
percent a year, about 60 percent more than the 1.7 per­
cent rate of increase in labor input. However, the 1.2 
percent rise in capital per head is four times the 0.3 
percent rise in labor input per head.13 
14 
For the company or firm level, Kendrick and Creamer 
discuss that management has been slow in adopting and relying 
on productivity studies. This is in part the result of 
unfamiliarity and inexperience with the productivity concept 
and the different measurement procedures. It's commonly 
believed that all the information that productivity studies 
will give is already contained in their accounting statements. 
The root of this problem, in the opinion of other authors such 
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as Salter, lies in the fact that there is no theoretical 
framework on productivity theory in which to base and organize 
the factual knowledge on productivity. Similar beliefs are 
expressed by Hines. 
A common difficulty in traditional as well as in modern 
research is the absence of an operational definition of 
productivity which is quantifiable. Although most 
individuals have some notion about productivity, the lack 
of precision in definition makes validation of clauses 
for particular approaches to productivity improvement 
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a difficult task. 
Kendrick and Creamer add that one of the most 
important manifestations of business success is the rate of 
technological progress and its influence on real costs reduc­
tion. In a competitive economy different companies supplying 
similar workers are exposed to the same price changes. The 
magnitude of their relative profit margins and competitive 
advantage has much to do with how successful they are in 
reducing real costs per unit of input. 
Treatment of Outputs and Inputs 
National Economy Levels. Most of the work done about 
productivity at the National Economy level has been in terms 
of partial productivity. The most commonly used measure 
relates the total output of goods and services of the private 
economy, that is the private gross national product, to the 
total of manhours associated with the production of that output. 
One of the most comprehensive studies of productivity, 
of all levels, has been the work by Kendrick, entitled 
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Productivity Trends in the U.S. It is appropriate to discuss 
briefly his approach of measuring productivity at the national 
economy level in terms of labor, capital and land input 
factors. 
Output: The different physical units of output have 
to be expressed in constant or real dollar value in order to 
allow for comparisons. This is accomplished by selecting 
a representative base year and multiplying each output in 
17 
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physical units by its average price in the base year. 
Several output measures are used. As mentioned before the 
most commonly used is the Gross Private National Product, 
which excludes the government output. This measure has the 
advantage that avoids the downward bias that will be incurred 
if the government sector is included, due to the treatment 
of government output at cost. Another used measure is the 
Net National Product that takes into account additions to 
capital stock minus estimated depreciation. It differs from 
Gross National Product that considers only additions to 
capital stock. 
Inputs: 
Labor: Manhours worked or manhours paid can be used as 
labor physical units. Manhours paid would include the added 
effect of fringe benefits such as vacation pay, holidays, etc. 
The manhours figure for each industry is multiplied times the 
base year average wage rate corresponding to each industry. 
Capital: Estimation of the capital input is done by 
using the approach of weighting each years actual value of 
real stock of capital by the base year's rate of return. 
This is accomplished by the following computations. 1) The same 
base year chosen for the output is used. 2) Net additions to 
capital stock are converted to base year constant dollars. 
3) The total actual value of real capital stock is now mul­
tiplied by the base year's rate of return. This results is 
a constant dollar value return for capital. Obviously, this 
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process assumes constant base year efficiency in the use of 
the stock of capital. The depreciation method is in terms 
of straight line. 
Land: This input is estimated by using other authors 
estimates of outlays in plant and equipment by major types. 
The land input is estimated by using the base year ratio of 
land value to structures value times the constant dollar 
value of each year's "stock" of structures. 
There are cases when no physical unit data are avail­
able or estimates are not reliable. In situations like this, 
a commonly used procedure is to deflate the current dollar 
value of the input by an appropriate deflator in order to 
yield the constant dollar input. 
Most authors are in agreement that it is difficult to 
correctly measure capital input. This is in part due to lack 
of data to correctly assess for the contribution of capital in 
providing the output, and also to different interpretations 
given to the flow of capital. Capital input generally refers 
to the constant dollar value of plant and equipment available 
for production. Sometimes it includes other assets such as 
inventories, working capital, and land. However, the two 
most widespread ways of treating capital are by net stock 
estimates, similar to Kendrick's approach, and gross stock 
estimates. Net stock estimates are computed by substracting 
depreciation by any appropriate depreciation method, and 
expressing the net stock of capital in constant dollars. The 
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gross stock estimates are derived by keeping assets at their 
full value until they are scrapped with the gross stock 
of capital expressed in constant dollars. 
Industry Level. Most of the input measurements proce­
dures outlined for the National Economy are applicable also 
at the industry level. In fact the National Economy measures 
are constructed by adding individual industry measures. 
Industry measures are generally constructed by using 
physical units and manhours per unit data. The use of 
"weights" in terms of unit labor cost and unit price are 
also used when no manhours data is available or reliable. 
In some instances when no physical unit data is available a 
common procedure is to deflate the current value of output 
by an appropriate price index for that output, in order to 
express it in constant or real value terms. 
The Bureau of Labor Statistics (B.L.S.) publishes 
data on output per manhour for more than forty manufacturing 
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and non-manufacturing industries. 
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Hines has outlined the measurement procedures most 
commonly used by the B.L.S. 
For industries producing various outputs the terms 
current period (I ) and base period (I ) composites are 
c u b 
defined as follows: 
I u c 
E q. • 1. • ^l • l . 
3 3 3 
E q. - 1 . ^1. O . 
3 3 3 
and I u. Lb 
_ 3 
2 2 
where q = base period quantity of product j. 
°j 
q. = current period quantity of product j. 
1 = base period unit labor hours for product j. 
°j 
1. = current period unit labor hours for product j. 
The base period composite and current period composite 
can also be expressed as the ratio of a manhours index to an 
output index. For the current period composite: 
E q. 1. / I q • 1 
i . j . ̂ i. i. . o. o. j _ manhours index _ j j -\ j j j_ 
u output index £ q. I /£ q • 1 c * . ̂ i . o. . n o . o. 
: : : : d 3 
As mentioned earlier most of the manhour data used are 
based on the concept of hours paid. At the company and even 
at industry level, it would also be appropriate to compute 
manhours worked. This would give a better measure of the 
efficiency of the labor contribution. 
Firm and Company Level. At the firm level there is 
the need to consider additional input factors that contribute 
to the output, such as raw materials, energy requirements, 
purchased parts, services, and other miscellaneous inputs. 
At the National Economy level these factors are already taken 
into account in the output and input measures and for this 
reason do not need to be covered again. 
The treatment of outputs described at the industry 
level in terms of either weighted physical units or deflated 
output value and also used at the firm level. Labor input. 
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again can be estimated either from manhour data or by payrolls 
deflated by an appropriate composite index of average hourly 
earnings. Inputs of materials and services are also measured 
by either counts of physical quantities of materials consumed 
times a base period price or by taking dollar costs incurred 
and deflating there by appropriate price indexes. Capital 
input measurement is always controversial. There are basi­
cally two concepts. The capital stock measure and the flow 
measure. Capital stock measure was described earlier as being 
either gross capital stock or net capital stock. The concept 
of capital flow would solve some of the deficiencies of the 
capital stock concept. What is needed is a measure that 
would assess the effective capital contribution to the output. 
Capital contribution should be related to levels of utiliza­
tion of capacity, the loss of efficiency in older equipment, 
the different intensity of use of capital capacity depending 
if there is business expansion or recessions. Data for 
appropriate capital flow measures are not available in most 
cases. Authors have used depreciation as a flow measure. 
This can be regarded as an approximation because depreciation 
methods vary and often depend on tax regulations. Deprecia­
tion is based on accounting principles and not on actual 
contribution of capital for production of output. 
The literature shows several good examples of firm 
level productivity measurement. J. W. Kendrick and D. 
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Creamer present six case studies drawn from existing 
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corporations. Two are examples of partial productivity that 
measure output per unit of labor input and four measure total 
productivity by relating output to the changing relation of 
labor, materials and services and capital. These examples of 
different types of productivity measurements stress the point 
that: 
There is no single measurement formula for the guidance 
of companies in this estimating process. While the under­
lying concept of productivity can be uniquely defined, its 
measurement must be fashioned to serve particular functions 
and to reflect individual circumstances.22 
In these cases capital is treated in different ways. 
In one of the examples the principle of converting machinery 
and equipment input into "equivalent manpower" is used. This 
provides with additive units for both labor and capital, 
because capital input is expressed in equivalent manhours. 
Two other examples treat capital by computing real term book 
values and applying a base year rate of return to obtain the 
capital input. The last case measures the capital input by 
computing an average annual net investment based on a thir­
teen period month-end data, expressed in constant dollars. 
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In their Master Thesis, C. Craig and R. C. Harris 
provide a chapter dealing with productivity measurement at 
the firm level. They develop the following total productivity 
measure: 
= ° T 
T L + C + R+Q 
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where P T = total productivity 
L = labor input factor 
C = capital input factor (includes land) 
R = raw materials and purchased parts input factor 
Q = other miscellaneous goods and services input factor 
0 T = total output 
Total output is computed as the summation of all units 
produced, times their selling price. Units produced are used 
instead of units sold in order to more correctly measure the 
efficiency of conversion. A slight variation in measuring 
total output in this work is that it includes revenues received 
from other sources other than production such as interests 
from bonds and dividends from securities. The authors argue 
that a portion of inputs are used to provide those revenues 
and that omiting them would underestimate total output. 
Capital is treated by following the concept of service 
value of capital. This is accomplished by using the lease 
value of capital in terms of annuities. The amount an 
annuity depends on the assets original purchase price, which 
is known, and on estimates of the assets productive life and 
the average required rate of return to the investors. The 
rate of return is calculated as a weighted cost of capital 
in the base year. 
The capital input factor is defined as the sum of annuity 
values calculated for each asset on the basis of its base 
year cost, productive life, and the firm's cost of 
capital. 2 4 
Other inputs are treated in fairly standard manner. 
2 6 
Physical unit quantities are multiplied by base year wage 
scales, cost of materials and miscellaneous input costs. 
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B. W. Taylor and K. R. Davis presented recently an 
article showing a "Total Factor Productivity" (TFP) measures 
that disaggregates both outputs and inputs into several 
components. (TFP) is defined as 
Total Output 
(S + C + MP) - E T F P = , : 
(W + B) + [(Kw + Kf) • Fb • df] 
Labor Adjusted Investor 
Input Input 
where S = sales 
C = inventory change 
MP = manufacturing plant 
E = exclusions 
W = wages and salaries 
B = benefits 
Kw = working capital 
Kf = fixed capital 
Fb = investors contribution adjustment 
df = price deflator factor 
This model does not include raw materials as an input 
factor. The authors argue that many firms view the purchasing 
of raw materials as the result of the labor of others, meaning 
that raw materials reflect the efficiency of an external 
operation and not the specific firm's technology progress. 
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Materials are not included as input factors and are subtracted 
from output in the "exclusion" term along with other factors 
which do not represent results of production, such as supplies, 
depreciation and rentals. "Manufacturing plant" includes 
items which are provided internally and are not directly 
related to the output. These items are separately considered 
as part of the output because they result from a labor effort 
which is explicitly being considered in the denominator as a 
labor input. Such items are maintenance and repairs, machinery 
and equipment produced internally, research and development. 
The output term developed this way is a value added output. 
The capital input is considered in the term "adjusted investors 
input." As is often done, fixed and working capital in net 
real dollar value terms are weighted by a base year rate of 
return to yield the capital input. The labor input is com­
puted from the total yearly labor compensation and adjusted 
to base year dollars by applying an appropriate deflator. 
The National Center for Productivity and Quality of 
Working Life is an independent federal agency created for the 
purpose of stimulating productivity growth. The agency has 
published literature dealing with productivity improvement 
concepts and has shown examples of these programs at the 
company level. In one of this agency's more recent publications 
Jerome A. Mark of the B.L.S. stresses the importance of a firm's 
comparing their own productivity index to those published 
by the B.L.S. for different industries, by saying: 
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They (indexes) can serve as a benchmark for companies 
to guage their productivity change in relation to their 
own industry... Such comparisons could trigger an analysis 
of why company productivity differed from the industry 
as a whole, and what can be done about it.26 
Several other papers are presented in this publication 
concerning productivity measurement programs in the Aluminum 
Corporation (ALCOA), warehousing of groceries and a Canadian 
program for making interfirm productivity comparisons. 
Measurement Problems 
The measurement of productivity is plagued with defini-
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tional and statistical problems. Mark separates them as 
two fundamental problems. First, due to the difficulties 
in obtaining direct quantity measures which forces the 
analyst to use substitute data and other approximations. 
Second, in most cases, data used for other purposes is the 
one used for productivity measurements. The concepts and 
reporting procedures underlying these data might be appropriate 
for those other uses, such as cost accounting, but not always 
for productivity measurement. 
Kendrick and Creamer mention that the measurement 
problems 
Include 1) Measuring outputs whose characteristics may 
change over time. 2) Defining and measuring real capital 
stocks and 'inputs, 1 as well as labor inputs when the 
characteristics of both factors are diverse and changing. 
3) Problems of aggregating heterogeneous units of output 
and input.28 
The most common measurement problems in treating outputs 
and inputs are now briefly discussed. 
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Output 
At the national economy level two of the most often 
addressed problems are the measurement of Government and 
service sectors. Government's output has been traditionally 
measured at cost due to the absence of market valuation of the 
services rendered by the Government agencies. As mentioned 
earlier, this means that Government's sector productivity is 
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constant over time equal to one. The correct measurement 
of services is complicated because it is often difficult to 
obtain the direct quantifiable unit of service that should be 
used. This means that substitutions have to be made. 
Normally the value of services are deflated by certain price 
indexes, but again, not all of the indexes utilized are 
reliable and appropriate deflators for a given service. 
At the industry and firm level most of the complica­
tions in output measurement deal with the way of treating 
quality changes, the introduction of new goods and services 
or the changing characteristics of existing ones and on the 
way of aggregating and weighting non-standard units of produc­
tion. 
Quality changes are not often explicitly considered 
in productivity measurements. It may require cumbersome 
adjustments that would normally mean keeping track of "pure" 
price increases and increases in price due to additional costs. 
The adjustments will increase the output quantity produced 
to reflect that there has been an increase in quality due 
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t o a n i n c r e a s e d i n p u t e f f o r t . T h i s m e a n s t h a t b o t h o u t p u t 
a n d i n p u t c o n s i d e r t h e q u a l i t y c h a n g e a n d c o n s e q u e n t l y o f f s e t 
e a c h o t h e r . 
N e w p r o d u c t s i s t h e t e r m g i v e n t o p r o d u c t s w h i c h a r e 
i n t r o d u c e d a f t e r t h e b a s e , p e r i o d . T h i s m e a n s t h a t t h e i r 
p r i c e h a s t o b e t r a c k e d b a c k t o t h e b a s e p e r i o d . I t i s 
m e n t i o n e d " ^ t h a t a n u s u a l w a y o f d o i n g t h i s i s t o e x t r a p o l a t e 
b a c k u s i n g t h e p r i c e m o v e m e n t o f a c l o s e l y r e l a t e d p r o d u c t . 
I t e m s s u c h a s v a r i a b l e p u r c h a s e d g o o d s , i n t e r p l a n t 
t r a n s f e r s , a n d i n t e r m e d i a t e i n p u t s r e q u i r e s p e c i a l a t t e n -
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t i o n . T h e s e f a c t o r s o f p r o d u c t i o n m u s t b e k e p t s e p a r a t e l y 
f r o m t h e m a i n o r f i n a l o u t p u t o f t h e c o m p a n y i n o r d e r t o 
p e r m i t t o b e w e i g h t e d b y e i t h e r t h e i r u n i t c o s t o r t h e i r 
a s s i g n e d c o s t f o r i n t e r p l a n t t r a n s f e r . I n t h e c a s e o f 
p u r c h a s e d g o o d s a n d i n t e r p l a n t t r a n s f e r s t h e i r v a l u e s h o u l d 
t h e n b e s u b t r a c t e d f r o m t h e m a i n o u t p u t . I n t h e c a s e o f 
i n t e r m e d i a t e i n p u t s , t h e i r r e a l v a l u e m a y b e e i t h e r a d d e d a s 
a c o s t ( i n p u t ) o r d e d u c t e d f r o m o u t p u t i n o r d e r t o y i e l d 
a n e t o r v a l u e a d d e d m e a s u r e o f o u t p u t . T h e s e p r o c e d u r e s 
a t t e m p t t o a v o i d o v e r e s t i m a t i n g o r u n d e r e s t i m a t i n g e i t h e r 
o u t p u t o r i n p u t m e a s u r e s , b y i n s i s t i n g i n o u t p u t s a n d t h e i r 
a s s o c i a t e d i n p u t s . 
T h e r e i s n o t c o m p l e t e a g r e e m e n t o n t h e i n c l u s i o n 
o r e x c l u s i o n o f o t h e r r e v e n u e s o t h e r t h a n p r o d u c t i o n , s u c h a s 
i n v e s t m e n t s , d i v i d e n d s f r o m s e c u r i t i e s , i n t e r e s t f r o m b o n d s , 
e t c . T h e a r g u m e n t c a n b e m a d e t o f a v o r e i t h e r w a y . W h a t h a s 
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to be kept in mind is that both output and input expressions 
should be modified accordingly to include or delete these 
items. 
Another subtle point is the measurement of intangible 
capital outlays such as advertising, public relations, 
educational and training programs, research and development. 
It has been always difficult to quantify the output of 
activities such as these. If the value of the items are 
large they should be considered. Common approaches are either 
to include their real cost in both output and input expres­
sions or to delete them on both. The problem with including 
them is that there is no immediate change in output derived 
from these inputs. If they are deleted, the productivity 
32 
expression will be less comprehensive. 
Inputs 
Labor. With regard to the labor input the most 
commonly addressed problems are related to the changing 
composition of labor, the use of hour worked or hours paid 
as units of input and the selection of an appropriate weighting 
factors or deflators indexes to yield values adjusted to base 
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period. 
The measurement of the labor input should take into 
consideration the uneven and changing distributions of the work 
effort among industries and firms. Manhours is the basic 
physical unit used in measuring the labor input, but manhours 
are extremely diverse and their mix changes over time. This 
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means that for correct measurement, unweighted measures 
relying only on manhours as units of labor should be avoided 
because they do not take into account this diverse nature of 
the labor input. Labor should be classified according to 
skills and/or average compensation rates and the manhours of 
each classification weighted by the corresponding average 
hourly labor compensation. Productivity measures that 
take into account only the production workers as the labor 
input do not reflect the substitution of one type of labor 
for another. In most industries there has been an increase 
in the proportion of nonproduction workers meaning that 
output per manhour of production workers, alone, is biased 
upwards. To correctly measure this shift the labor input 
must include total labor input with manhours of workers, 
employees, and owners.^ 
Most labor measurement for productivity purposes use 
manhours paid and not manhours worked. This is done mainly 
due to lack of data on hours worked. Strictly speaking in 
terms of productivity the manhour worked viewpoint is more 
appropriate. The hours paid concept is fictitious from a 
technological efficiency point of view because it includes 
additional hours of labor in the production of output that do 
not contribute to the output at all. 
Capital. There is agreement among authors dealing with 
productivity that capital input is certainly difficult to mea­
sure. There is no concensus about conceptual and statistical 
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a s p e c t s o f c a p i t a l a s a n i n p u t f o r p r o d u c t i v i t y a n a l y s i s . 
M o s t o f t h e s e p r o b l e m s h a v e b e e n d i s c u s s e d i n e a r l i e r s e c t i o n s 
o f t h i s s t u d y , f o r t h i s r e a s o n t h e f o l l o w i n g i s a b r i e f 
s u m m a r y o f t h i s i m p o r t a n t p o i n t . 
C o n c e p t u a l l y , t w o a r e t h e m o r e p o p u l a r v i e w p o i n t s : 
1. C a p i t a l s t o c k m e a s u r e s e i t h e r g r o s s o r n e t . 
2 . C a p i t a l f l o w m e a s u r e s . 
T h e m e a s u r e m e n t o f c a p i t a l s t o c k s r e q u i r e s t h e c u m b e r ­
s o m e t a s k o f c o n v e r t i n g e v e r y a s s e t ' s n e t o r g r o s s v a l u e t o 
b a s e y e a r d o l l a r t e r m s . A t a g i v e n p e r i o d o f t i m e t h e r e a l 
c a p i t a l v a l u e s c o r r e s p o n d i n g t o e a c h a s s e t o r g r o u p s o f a s s e t s 
w o u l d b e a f r a c t i o n o f i t s o r i g i n a l a c q u i s i t i o n p r i c e , t h e s e 
a m o u n t s w i l l b e d e t e r m i n e d d e p e n d i n g o n t h e l e n g t h o f t i m e 
b e t w e e n t h e t i m e o f a c q u i s i t i o n a n d t h e b a s e a n d c u r r e n t 
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p e r i o d s , a n d o n t h e l e n g t h o f l i f e a s s u m e d f o r e a c h a s s e t . 
T h e m e a s u r e s t h a t u s e t h e c o n c e p t o f r a t e o f r e t u r n a s 
t h e f a c t o r t h a t w e i g h t s t h e r e a l c a p i t a l s t o c k , r e q u i r e t h e 
c o m p u t a t i o n o f t h e r e l a t i o n o f n e t i n c o m e t o t h e t o t a l o f 
w o r k i n g a n d f i x e d c a p i t a l , i n o r d e r t o o b t a i n t h e c a p i t a l 
i n p u t o r i n v e s t o r s ' i n p u t . T h e n e t i n c o m e f i g u r e n e e d s t o b e 
a d j u s t e d n o t t o r e f l e c t i n v e n t o r y g a i n s o r l o s s e s t h a t r e s u l t 
e n t i r e l y f r o m p r i c e c h a n g e s . ( D i f f e r e n c e b e t w e e n b o o k v a l u e 
a n d c u r r e n t v a l u e s o f i n v e n t o r i e s . ) T h e d e p r e c i a t i o n a m o u n t s 
i n b o o k v a l u e s n e e d s a l s o t o b e e x p r e s s e d i n b a s e p e r i o d 
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T h e s e c o n d c o n c e p t u a l a p p r o a c h t o c a p i t a l i n p u t i s 
p r i c e s . 
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that of capital flow. This type of approach attempts to 
take into account the varying levels of intensity of use of 
the capital stock over time. The main problem here is 
lack of data that would allow this measurement. A capital 
flow measure would require "an aggregate of the capital hours 
used weighted by the rental value of each type of structure 
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and piece of equipment." 
Calculating capital input following similar approaches 
to that of Craig and Harris, described earlier, requires the 
computation of annuities and perpetuities to obtain the 
capital input from fixed and working capital respectively. 
This calculations can be rather lengthy and involve several 
other estimations such as productive life of each asset and 
a weighted average cost of capital for the firm. 
Productivity in Iron and Steel Industry 
The literature on the iron and steel industry shows 
very few publications or articles dealing with the topic of 
productivity. Most of the material found,deals with keeping 
track of the B.L.S. average annual changed in output per 
manhour and making comparisons among other industries in 
manufacturing sector. There have been some Government sponsored 
studies where good cost data for domestic and international 
comparisons has been gathered, but it has never been used 
in the context of productivity measurement. Very little has 
been done in order to improve or to compare other productivity 
measures with those published by the B.L.S. 
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T h e m o r e i m p o r t a n t p r o d u c t i v i t y c o n t r i b u t i o n s i n t h e 
i r o n a n d s t e e l i n d u s t r y a r e d i s c u s s e d h e r e a f t e r . 
T h e B u r e a u o f L a b o r S t a t i s t i c s p u b l i s h e s e v e r y y e a r 
a b u l l e t i n o f " P r o d u c t i v i t y I n d e x e s f o r S e l e c t e d I n d u s t r i e s . " 
T h e s e i n d e x e s a r e p a r t i a l p r o d u c t i v i t y m e a s u r e s r e l a t i n g o u t p u t 
t o l a b o r i n p u t . I n d e x e s o f o u t p u t , e m p l o y e e h o u r s , n u m b e r o f 
e m p l o y e e s a n d o u t p u t p e r e m p l o y e e h o u r s a r e c o m p u t e d f o r t h e 
m a j o r i n d u s t r y c l a s s i f i c a t i o n s o v e r t h e l a s t t h i r t y y e a r s . 
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I n i t s 1 9 7 7 b u l l e t i n o f p r o d u c t i v i t i e s , t h e B . L . S . 
s h o w s t h a t t h e s t e e l i n d u s t r y i n d e x o f o u t p u t p e r e m p l o y e e -
h o u r h a s b e e n i n c r e a s i n g a t a n a v e r a g e a n n u a l r a t e o f 1 . 7 
p e r c e n t f r o m 1 9 5 0 t o 1 9 7 6 a n d a t a r a t e o f 1 . 3 p e r c e n t p e r 
y e a r f r o m 1 9 7 1 t o 1 9 7 6 . D u r i n g t h e 1 9 7 1 - 1 9 7 6 p e r i o d t h e 
a v e r a g e a n n u a l r a t e o f c h a n g e i n o u t p u t p e r e m p l o y e e h o u r i n 
t h e o v e r a l l m a n u f a c t u r i n g s e c t o r r a n g e d f r o m a h i g h o f 1 1 . 1 
p e r c e n t p e r y e a r g a i n t o a l o w o f - 2 . 4 6 p e r c e n t p e r y e a r 
d e c l i n e w i t h a n a v e r a g e g a i n o f 2 . 3 4 p e r c e n t p e r y e a r , 
c o n s i d e r a b l y h i g h e r t h a n 1 . 7 p e r c e n t g a i n i n s t e e l . O v e r 
t h e l o n g e r p e r i o d 1 9 5 0 - 1 9 7 6 , i t r a n g e d f r o m a h i g h o f 6 . 7 
p e r c e n t p e r y e a r t o a l o w o f 1 . 0 p e r c e n t p e r y e a r c o m p a r e d 
t o t h e a v e r a g e a n n u a l g a i n i n s t e e l o f 1 . 3 p e r c e n t p e r y e a r . 
O n e a u t h o r t h a t h a s w r i t t e n e x t e n s i v e l y a b o u t t o p i c s 
r e l a t e d t o t h e s t e e l i n d u s t r y i s W i l l i a m T . H o g a n S . J . o f 
F o r d h a m U n i v e r s i t y . I n o n e o f h i s e a r l i e r p u b l i c a t i o n s , " 
i n a d d i t i o n t o c o v e r i n g p r o d u c t i v i t y c o n c e p t s , h e m e a s u r e s 
t h e g a i n s i n o u t p u t p e r m a n h o u r i n b l a s t a n d o p e n h e a r t h 
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furnaces from 1920 to 1946. More recently, Hogan has 
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published a number of volumes dealing with the overall 
steel industry in which he at times includes sections about 
productivity. He agrees that the B.L.S. figures of output 
per manhour indicate that steel's lag in productivity is 
more pronounced than those in the overall private economy and 
in manufacturing industries in general. But he warns about 
the biases of B.L.S. figures concerning the steel industry. 
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These biases result from several reasons. Steel industry 
output is measured in physical units, tons, which does not 
take into account the shift of production towards lighter 
steel due to increased demand for these products. By mea­
suring output in tons it does not take into account quality 
improvements achieved for finished steel. On the input 
side, it ignored other important inputs such as materials 
and capital. This results in overestimated productivity 
gains. Manhours are considered as homogeneous by assuming 
that every employee hour contributes the same effort, this 
being a rather invalid assumption. 
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In a more recent publication, Hogan analyzes the 
reasons contributing to the productivity lag in the steel 
industry. Some of these are: 
— Reduced volumes, scheduling problems with increased 
imports: the relationship between growing output and 
increased productivity has been demonstrated in other 
countries. With increased imports the U. S. steel industry 
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facilities have not been operating at desirable output 
rates. This drags down productivity. Increased imports 
in stocked sizes has resulted in a greater proportion of 
more difficult rollings and setups of equipment for the 
domestic mills. 
Shift towards lighter steel: This is particularly true 
with products such as tinplate, structurals, and piping. 
These products are now lighter than what they used to 
be, so a measure of output in terms of unweighted tons 
cannot measure this shift. 
Higher quality standards: Better production processes and 
equipment have improved quality that is not measured. 
More severe inspection standards have contributed in some 
instances to a reduction of shipments. 
High technological state of the industry: Due to the high 
technological level already found in the industry produc­
tivity gains have been difficult to achieve. 
Pollution control expenditures: Increased requirements 
in capital costs and manpower has been necessary to com­
ply with Government policies regarding pollution control. 
These do not contribute to increasing output. Other 
points, treated by Hogan, having detrimental effect on 
productivity are the expensive construction time, larger 
break-in periods and more difficult maintenance and repair 
required by the more sophisticated, electronic and com­
puterized modern steel mills. These factors delay 
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p r o d u c t i v i t y g a i n s d e r i v e d f r o m n e w e q u i p m e n t . T h e r e i s 
a l s o t h e p r o b l e m o f b a l a n c i n g f a c i l i t i e s . T h e m a t c h i n g 
o f n e w e q u i p m e n t w i t h t h e o l d e r e x i s t i n g o n e s i s n o t 
a l w a y s a n e a s y t a s k . On t h e l a b o r s i d e , r a p i d i n c r e a s e 
i n t u r n o v e r r a t e s h a v e r e q u i r e d e x p a n d e d t r a i n i n g p r o g r a m 
f o r n e w e m p l o y e e s . 
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H o g a n r e p o r t s o n t h e e s t a b l i s h m e n t o f p l a n p r o d u c ­
t i v i t y c o m m i t t e e s w h e r e u n i o n r e p r e s e n t a t i v e s a n d m a n a g e m e n t 
g e t t o g e t h e r t o t r y t o d e l i n e a t e p o l i c i e s f o c u s i n g o n p r o d u c t 
q u a l i t y , w a s t e c u r t a i l m e n t , r e d u c i n g a b s e n t i s m , a l l t h i s f o r 
t h e p u r p o s e o f i m p r o v i n g o u t p u t p e r m a n h o u r . 
A s f o r t h e p r o s p e c t s f o r i n c r e a s e d p r o d u c t i v i t y h e 
i n s i s t s o n t h e a d e q u a t e p r o d u c t i o n v o l u m e a s a p r e r e q u i s i t e . 
T h e n e w c a p a c i t y b e i n g i n s t a l l e d s h o u l d b e d i r e c t e d t o w a r d s 
e l i m i n a t i n g e x i s t i n g b o t t l e n e c k s a n d " e f f e c t i v e a c t i o n " 
w i l l b e r e q u i r e d t o r e v e r s e t h e e f f e c t o f t h e f a c t o r s 
d e s c r i b e d a b o v e t h a t h a v e b e e n c o n t r i b u t i n g t o t h i s p r o d u c ­
t i v i t y l a g . 
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T h o m p s o n , a n o t h e r s t e e l i n d u s t r y a n a l y s t c o m m e n t s 
o n p r o d u c t i v i t y a n d i n c r e a s e d v o l u m e b y s a y i n g t h a t p r o b a b l y 
p r o d u c t i v i t y w i l l s u f f e r a s p r o d u c t i o n l e v e l s i n c r e a s e a n d 
r e a c h n e a r c a p a c i t y l e v e l s b e c a u s e m a r g i n a l e q u i p m e n t , n o r ­
m a l l y u s e d o n a s t a n d b y b a s i s , w i l l c o m e i n t o p r o d u c t i o n , 
t h i s i n a w a y c o n t r a d i c t s H o g a n ' s p o i n t o f v i e w . T h e p o i n t 
i s a l s o m a d e t h a t d u e t o t h e e v e r - c l o s e r p r o d u c t i v i t y g a p s o f 
o t h e r t r a d i t i o n a l s t e e l p r o d u c i n g c o u n t r i e s s u c h a s J a p a n , 
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W e s t G e r m a n y , F r a n c e , a n d G r e a t B r i t a i n i n r e s p e c t t o t h e 
U . S . , t h e c o m p a r a t i v e i n f l a t i o n a r y t r e n d s a m o n g t h e s e c o u n ­
t r i e s w i l l m o s t l i k e l y b e t h e d e t e r m i n a n t o f t h e i r r e l a t i v e 
c o m p e t i t i v e a d v a n t a g e i n t h e w o r l d w i d e s t e e m m a r k e t s . 
O t h e r p u b l i c a t i o n s h a v e d e a l t i n d e t a i l w i t h o t h e r 
a s p e c t s r e l a t e d t o p r o d u c t i v i t y . On t h e o u t p u t s i d e , t h e 
d e m a n d f o r s t e e l i s c l o s e l y w a t c h e d b y s t e e l i n d u s t r y 
a n a l y s t s , e s p e c i a l l y t h e d e m a n d c o m i n g f r o m t h e a u t o m o t i v e 
i n d u s t r y , d u r a b l e s m a n u f a c t u r e r s , a n d r e s i d e n t i a l a n d i n d u s ­
t r i a l c o n s t r u c t i o n . On f a c t o r s a f f e c t i n g t h e d e m a n d f o r 
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s t e e l , H o g a n d e d i c a t e s a c h a p t e r i n o n e o f h i s p u b l i c a t i o n s . 
U . S . s t e e l i n d u s t r y l a b o r i n p u t h a s b e e n s t u d i e d 
a n d c o m p a r e d w i t h o t h e r c o u n t r i e s . C o m p a r a t i v e t r e n d s o f 
l a b o r c o s t p e r u n i t h a v e b e e n p r e s e n t e d i n a r e c e n t s t u d y 
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s p o n s o r e d b y t h e G o v e r n m e n t . T h i s a n d o t h e r p u b l i c a t i o n s 
s p o n s o r e d b y t h e G o v e r n m e n t a n d r e s e a r c h i n s t i t u t i o n s h a v e 
r e p o r t e d o n t r e n d s i n r a w m a t e r i a l s a n d e n e r g y u t i l z a -
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t i o n . ' ' ' A l s o r e l a t e d t o p r o d u c t i v i t y , t h e r e a r e 
a r t i c l e s f o r e c a s t i n g c a p a c i t y n e e d s a n d c a p i t a l c o s t s t h a t 
w i l l b e r e q u i r e d t o s u p p l y f u t u r e e x p e c t e d d e m a n d . T h i s p o i n t 
w i l l b e d i s c u s s e d m o r e i n d e t a i l l a t e r d u r i n g t h i s s t u d y 
T h e o n l y f o r m a l a t t e m p t t o m e a s u r e t o t a l p r o d u c t i v i t y 
i n t h e i r o n a n d s t e e l i n d u s t r y , t h a t h a s b e e n f o u n d i n t h e 
l i t e r a t u r e i s t h e w o r k d o n e b y B r i t i s h a u t h o r s , J . G. S m i t h 
5 1 
a n d T . P . M i l e s . T o t a l p r o d u c t i v i t y m e a s u r e m e n t s a r e 
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performed for the British Iron and Steel Industry from 1950 
to 1960. The output of this measure is defined as the 
industry's total output in constant base period value terms 
adjusted by inventory levels. The components of inputs 
considered are labor, raw materials and fuel, and capital. 
The labor input is measured in terms of manhours weighted by 
average hourly earnings of three broad labor classifications 
Raw materials are measured by taking consumption of each typ 
of material weighted by their purchase price in base year 
terms. The two major materials items are iron ore and 
scrap. Fuels include consumption of core, coal, oil, and 
electricity. The authors recognized that capital input was 
difficult to measure. They have estimated the total fixed 
capital stock at a given time and then applied a base period 
rate of return to obtain the estimate of capital input. 
This study concludes that a gain of 3.5 percent per year in 
labor productivity has been accompanied by a small gain of 
0.9 percent per year in material and fuels productivity and 
a decline of 1.5 percent per year in capital productivity. 
The net result is that there has been an estimated total 
productivity increase of 1.5 percent per year. 
The British Iron and Steel Industry has published 
several other articles dealing with concepts and measurement 
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of productivity in the steel industry. ' Others have 
measured productivity of individual processes and types of equipment used in the steel industry such as blast furnace. 5 
4 1 
A topic closely related to productivity is the 
capacity expansions and related capital expenditures that the 
industry will require in order to be able to supply future 
expected steel demand. This point is important because the 
effect of capacity increases on productivity will be analyzed 
in the experimentation chapter of this study. 
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David R. Dilley estimates in a 1974 article that the 
U. S. steel industry would require additions of raw steel 
capacity of 2 5 to 3 0 million tons over and above replacements 
to keep up with expected demand. Another similar amount is 
estimated for replacement purposes. These are the estimated 
requirements in order to meet domestic needs for steel, 
assuming that imports make up 13 percent of domestic steel 
supply. Dilley estimates the total need for capital expendi­
tures for additions of new capacity, replacement and pollution 
control equipment to be an average annual expenditure of 
$4.5 to $5.0 billion between 1975-1980. 
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Late in 1976, the U. S. Industrial Outlook mentions 
that the U. S. steel firms had deferred about 15 percent of 
its announced capacity additions as a result of the 197 5 
recession. Despite this reduction, he estimates that approxi­
mately 40 million tons of new capacity additions and replace­
ments will be required in order for the U . S. mills to retain 
their current share in the domestic steel market. 
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Taub, in early 1977, reports that, in general, capa­
city expansion studies assume a steel demand rate of growth 
4 2 
between 2-2.5 percent per year. This analyst presents a 
table showing the capacity expansion programs of some of the 
larger steel companies. It shows additions of 10.5 million 
tons of new capacity by 1980, and close to 8.5 million tons 
still under consideration. Taub agrees with the estimates 
of a 1975 study by A.I.S.I. that estimates added capacity 
of 30 million tons between 1975 and 1983. 
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In a recent article, Sharkey recognizes that despite 
the cyclical nature of the steel industry output, consumption 
can be assumed to continue to grow at the long term average 
rate of 2.6 percent per year. Assuming this rate of growth 
and imports accounting for 13 percent of the market, it would 
mean shipments by 1982 that will be 16 percent above 1977 
volume but still 4.2 percent below the record volume year of 
111.5 million tons of shipments in 1973. 
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CHAPTER I I I 
METHODOLOGY, SCOPE AND L I M I T A T I O N S 
D a t a S o u r c e s 
T h e a g g r e g a t e i r o n a n d s t e e l i n d u s t r y d a t a t o b e u s e d 
i n t h e s t u d y i s e x t r a c t e d f r o m t h e a n n u a l s t a t i s t i c a l r e p o r t s 
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o f t h e A m e r i c a n I r o n a n d S t e e l I n s t i t u t e , A . I . S . I . T h i s 
o r g a n i z a t i o n p u b l i s h e s e v e r y y e a r t h e m o s t c o m p r e h e n s i v e a n d 
r e l i a b l e d a t a s o u r c e s c o n c e r n i n g t h e i r o n a n d s t e e l i n d u s t r y 
o p e r a t i o n s . S t a t i s t i c a l s e r i e s i n t h e a r e a s o f f i n a n c i a l , 
e c o n o m i c , e m p l o y m e n t , e x p o r t s , i m p o r t s , r a w s t e e l p r o d u c t i o n , 
s h i p m e n t s , b a s i c m a t e r i a l s , e t c . , a r e p u b l i s h e d y e a r a f t e r 
y e a r i n t h e s a m e f o r m a t a n d u s i n g t h e s a m e m e a s u r e m e n t c o n ­
v e n t i o n s . 
G e n e r a l M e a s u r e m e n t A p p r o a c h 
T h e m e a s u r e m e n t o f p r o d u c t i v i t y , u s i n g t h e c o m p o s i t e 
p r o d u c t i v i t y m e a s u r e s p r e s e n t e d i n t h e i n t r o d u c t o r y c h a p t e r , 
w i l l r e q u i r e t h e f o l l o w i n g m e a s u r e m e n t s t e p s : 
1. T o o b t a i n t h e f o l l o w i n g m o d e l e q u a t i o n s : 
- T i m e s e r i e s m o d e l s f o r i n p u t f a c t o r s i n a b s o l u t e v a l u e 
t e r m s , f o r t h e i n d e x e s t o b e u s e d a s d e f l a t o r s a n d 
f o r p r o d u c t i o n . 
- R e g r e s s i o n m o d e l s , i n o r d e r t o o b t a i n e m p i r i c a l r e l a t i o n ­
s h i p s r e l a t i n g t h e a n n u a l l e v e l o f p r o d u c t i o n t o t h e 
4 4 
annual level of shipments and revenues in constant 
dollar value. 
- Regression models relating the level of each input 
factor in constant value terms, to the annual level of 
production. 
2. The use of absolute or current dollar value model equa­
tions for inputs, revenues and indexes to obtain adjusted 
constant dollar value figures for inputs and revenues. 
This is accomplished by using the forecasts of the 
indexes to adjust the forecasts of inputs and revenues. 
Forecasts for shipments and production do not require 
adjustments because they are expressed in tons. 
3. Computation of the composite productivity measure will 
be done following two alternative approaches: 
a. Use the input and output forecasted figures obtained 
from the time series models to compute composite 
productivity from 1950 to 1976. This approach 
implicitly assumes that inputs and outputs measures 
are independent of each other. It only takes into 
account the time related behavior of each input and 
output measure. 
b. The second approach uses actual historical data from 
1950 to 1975 to obtain empirical relationships between 
the level of production and the level of inputs and 
among the outputs themselves. These relationships, 
obtained through regression analysis, relate each 
4 5 
input factor's constant dollar value to the level 
of production and to a linear time term. By using the 
forecasted production level obtained from the time 
series model and the time period in question, esti­
mates of the level of inputs, shipments and revenues 
can be obtained through the regression expressions. 
This approach incorporates the historical empirical 
relationships among inputs and outputs in addition 
to taking into account time related behaviors. 
4. Composite productivity will be measured from 1950 to 
1976 using both of the above described approaches. These 
will be compared with the composite productivity measure 
computed from the actual data over the same period of 
time. 
Time Series and Regression Overview 
The time series and regression concepts outlined in 
this section will come mainly from Forecasting and Time Series 
Analysis^ and Applied Regression Analysis.^ 
Time Series 
Several forecasting techniques assume that random 
errors are independent random variables. If this assumption 
is correct, observations will also be independent random 
variables. Techniques such as exponential smoothing and 
others based on least squares make this assumption. However, 
there are time series where successive observations are 
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d e p e n d e n t . A g i v e n p e r i o d ' s o b s e r v a t i o n m i g h t b e m o d i f i e d 
b y o b s e r v a t i o n s f r o m p r e v i o u s p e r i o d s . T h i s d e p e n d e n c y o r 
c o r r e l a t i o n b e t w e e n a n y t w o o b s e r v a t i o n s i s c a l l e d a u t o ­
c o r r e l a t i o n , a n d t h e d a t a s h o w i n g t h i s b e h a v i o r i s r e f e r r e d 
t o a s a u t o c o r r e l a t e d . T e c h n i q u e s f o r a n a l y z i n g a u t o c o r r e l a t e d 
d a t a h a v e b e e n d e v e l o p e d a n d p r e s e n t e d i n t h e B o x - J e n k i n s 
m o d e l s . 
C o n s i d e r s u c c e s s i v e o b s e r v a t i o n s o f a t i m e s e r i e s 
r e p r e s e n t e d b y a l i n e a r c o m b i n a t i o n o f i n d e p e n d e n t r a n d o m 
v a r i a b l e e t , e t _ 1 , £ t _ 2 - * - t n a t c o m e f r o m a p r o b a b i l i t y d i s -
2 
t r i b u t i o n w i t h m e a n 0 a n d v a r i a n c e a . T h i s c a n b e w r i t t e n e 
a s : 
X. = y + i> e. + ill-. £ . , + ^ n e . o + • • • [3 -1] t o t l t - 1 r 2 t - 2 
a n d a l s o i n t e r m s o f t h e b a c k w a r d s h i f t o p e r a t o r B , w h e r e i n 
g e n e r a l B-'e. = e ^ . a s : 
^ t t-3 
0 1 2 
x f c = y + (\p qB + ib±B + ty2B + . - . ) e t [3-21 
T h e s e q u e n c e o f r a n d o m v a r i a b l e s e , e t _ ^ , e t - 2 ""~s c a " ' " l e d 
a w h i t e n o i s e p r o c e s s . T h e ij/^'s a r e c o n s t a n t s ( p a r a m e t e r s ) 
a n d y d e t e r m i n e s t h e l e v e l o f t h e p r o c e s s . E x p r e s s i o n [3 -1] 
i s n o r m a l l y c a l l e d a l i n e a r f i l t e r m o d e l . S u c c e s s i v e o b s e r ­
v a t i o n s x ^ a r e d e p e n d e n t b e c a u s e t h e y a r e d e t e r m i n e d f r o m 
s o m e p r e v i o u s v a l u e s o f e . . T h e l i n e a r f i l t e r m o d e l i n c o r -
l 
p o r a t e s a w h i t e n o i s e p r o c e s s i n t o a t i m e s e r i e s . 
F o r p r a c t i c a l a p p l i c a t i o n s t h e l i n e a r f i l t e r m o d e l 
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is expressed in other forms, such as the autoregressive (AR) 
and moving average processes (MA). 
The autoregressive process of order p, AR(p), regresses 
the current observation x t on previous observations x t _ ^ , 
x. 0, ... x. , and is expressed as: t-2 t-p ^ 
x t = C + ( ( > 1 x t . 1 + ^ x t _ 2 + .... + <^ px t_ p + e t [3-3] 
where <f>̂, (f̂  ••• a r e P unknown parameters to be estimated. 
A first order autoregressive process, AR(1), is 
obtained from expression [3-3] with p = 1 as: 
x t = 5 + ^ x t _ 1 + e t [3-4] 
Similarly, higher order autoregressive processes 
are obtained by substituting other values of p in expression 
[3-3] . 
The moving average process is another special case of 
the linear filter model where only the first q weights have 
non-zero values and where the parameters have a negative sign 
for convenience. The MA(q) models are expressed as: 
Xt = " + £t _ Vt-l " 92 £t-2 ' •••• " Vt-q [ 3 ~ 5 1 
A first order moving average process MA(1) is given by: 
x t = u + e t - • 1 e t _ 1 
for q = 1 in Equation [3-5] higher order moving average pro-
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c e s s e s c a n b e e x p r e s s e d i n s i m i l a r m a n n e r . 
M o d e l s c a n a l s o b e b u i l t b y i n c l u d i n g b o t h a u t o r e g r e s -
s i v e a n d m o v i n g a v e r a g e t e r m s . T h e i r g e n e r a l f o r m i s : 
x t = 5 + < J ) 1 x t - , 1 + < j > 2 x t _ 2 + . . . 
[ 3 - 6 ] 
P t - p 1 t-1 2 t-2 q t - q t 
T h e s e a r e c a l l e d m i x e d a u t o r e g r e s s i v e - m o v i n g a v e r a g e m o d e l s 
o f o r d e r ( p , q ) , r e f e r r e d t o a s A R M A ( p , q ) . 
T i m e s e r i e s a r e s t a t i o n a r y i f o b s e r v a t i o n s f l u c t u a t e 
a r o u n d a d e f i n a b l e m e a n a n d n o n s t a t i o n a r y i f t h e p r o c e s s 
h a s n o n a t u r a l m e a n a n d / o r s l o p e . T h e a u t o r e g r e s s i v e - m o v i n g 
a v e r a g e p r o c e s s e s d e s c r i b e d a b o v e c a n b e u s e d t o m o d e l 
s t a t i o n a r y t i m e s e r i e s a n d c a n b e m o d i f i e d e a s i l y t o d e a l w i t h 
n o n s t a t i o n a r y p r o c e s s e s . A n o n s t a t i o n a r y p r o c e s s c a n b e 
r e d u c e d t o a s t a t i o n a r y o n e b y u s i n g s u c c e s s i v e d i f f e r e n c i n g 
o f t h e o b s e r v a t i o n s . S e v e r a l d i f f e r e n c e s m i g h t b e t r i e d i n 
o r d e r t o o b t a i n a s t a t i o n a r y s e r i e s i n b o t h m e a n a n d s l o p e . 
T h e d i f f e r e n c e o p e r a t o r i s g i v e n b y Vx^. = x^_ - x ^ a n d i n 
t e r m s o f t h e b a c k w a r d s h i f t o p e r a t o r a s V = 1 - B . I n g e n e r a l 
= ( l - B ) ^ w h e r e d i s t h e o r d e r d i f f e r e n c i n g . 
A g e n e r a l m o d e l t h a t i n c l u d e s a u t o r e g r e s s i v e , m o v i n g 
a v e r a g e a n d d i f f e r e n c i n g a n d t h a t i s u s e f u l i n r e p r e s e n t i n g 
n o n s t a t i o n a r y p r o c e s s e s i s t h e a u t o r e g r e s s i v e i n t e g r a t e d 
m o v i n g a v e r a g e p r o c e s s o f o r d e r ( p , d , q ) , f o r s h o r t c a l l e d 
ARIMA ( p , d , q ) . T h e g e n e r a l f o r m o f t h i s m o d e l i n t e r m s 
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of the backward shift operator B, is: 
d $ (B) V x, = 8 (B) e, p t q t 
or 
d 
V x t = £ + <^>2_xt-l + ^2 xt-2 + 
[3-7] 
Y p t-p 1 t-1 2 t-2 q t-q t 
A particular model of this kind, the ARIMA (2, 1, 2) given 
by, 
X t = Xt-1 + •l^t-l " X t - 2 } + *2 ( xt-2 ' x t - 3 } 
" e i e t - l " 62£t--2 + £t 
showed to be very useful by adequately representing several 
of our input and output series, all of which are nonstationary. 
Regression Analysis 
Simple linear regression is used to express a straight-
line relationship or dependency of one variable on another. 
The simple linear regression relationship between a 
dependent variable x and an independent variable T is given 
by: 
x = 3 Q + 3 T + £ [3-8] 
The terms 3 and 3- are parameters to be estimated through 
5 0 
least squares. The estimates of these parameters are usually 
expressed at and b^ and represent the intercept and slope, 
e is the random error deviation from the mean. 
The case of simple linear regression can be extended 
to multiple linear regression where it is desired to find a 
relationship between a dependent variable x and several in­
dependent variables z^, z^, z^, ... z^. This model can 
be expressed as 
x = b,z n + b 0 z 0 + . . . + b. z. + e [3-9 1 1 2 2 k k 
where again, b^, b 2/ ... b̂ . are parameters to be estimated 
and e is the random error component. This general model form 
can be used to express any functional relationship that is 
linear in the parameters. 
A commonly used application of regression is to have a 
dependent variable, say x^ which is a time series and inde­
pendent variable (s) which are also time series. It is in 
this context that we will use regression analysis. Functional 
relationships between inputs and production and between the 
outputs themselves will be obtained by using the historical 
data of input and output factors. 
For n observations or time periods for the dependent 
and independent variables time series, we can express Equa­
tion [3-9] above, as: 
x. = b n + b 0 z 0 . + b.,z0 . + ... + b, z, . + e. 
j 1 2 2] 3 3] k k] j 
j = 1, 2, ... . , n 
[3-10] 
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where z-. . = 1 and in general z.. is the value taken by the 
i t h independent variable in the j t 5 1 time period. 
Parameters are estimated by least squares and assumes 
that the random error component e_. has a mean of zero, a 
2 
variance a and that errors are uncorrelated. 
e 
Scope and Limitations 
1. The study is based on the analysis of aggregate steel 
industry data. Generally, it is more difficult to pin­
point the factors causing productivity changes at the 
industry level that at a particular firm level. The 
higher the level of aggregation, the larger number of 
factors that come into play and that can cause a parti­
cular input or output measure to change. 
2. The data used for the four inputs is taken in value terms 
and adjusted by a single index for each input in order 
to obtain the adjusted constant dollar value of inputs. 
There is no attempt to measure inputs and revenues by 
taking physical units quantities and weigh them by the 
different unit costs in the case of inputs and unit 
prices in the case of revenues. The measurement process 
would have been much more time consuming and would have 
required an enormous amount of data which is not avail­
able at the industry level. 
3. The emphasis of the study is in the approach and not so 
much in the measurement procedure itself. We are more 
interested in developing a model that would adequately 
5 2 
represent actual historical trends and that could be used 
to forecast productivity trends for several future 
periods, than in a model that would emphasize the mea­
surement and adjustment procedures required for input 
and output factors. 
Despite our aggregate measurement procedure, we intend 
to show that better productivity interpretations can be 
obtained taking into account several input factors than 
by considering only the labor input as it is usually 
done. 
4. Some of the data extracted from the A.I.S.I. statistical 
reports comes from its financial statistics section. 
The data here presented, includes results of activities 
into which the iron and steel parent companies might also 
have interests, and these activities might not be part of 
the steel industry. It was not possible from the avail­
able data to subtract the contribution of these activities. 
Nevertheless, this study was consistent in treating these 
series the same way throughout the time interval analyzed. 
5. It is important to point out that in productivity analysis, 
there is no single best measurement approach. The results 
and conclusions that can be derived from a given model 
might not be the same than those obtained from other 
models. In analyzing the results, one should keep in 
mind the statistical limitations of the measurement 
procedures and the particular way that inputs and outputs 
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a r e t r e a t e d . 
6 . N o t a l l t h e t e c h n i q u e s a n d a p p r o a c h e s t h a t w e r e f i r s t 
p l a n n e d t o f o r e c a s t i n p u t s a n d o u t p u t s p r o v e d t o b e u s e ­
f u l . A l t e r n a t i v e a p p r o a c h e s h a d t o b e u s e d a t t i m e s , 
i n o r d e r t o o b t a i n m o r e v a l i d m o d e l s . I n f o r e c a s t i n g 
o u t p u t s , i t w a s r e a l i z e d t h a t t h e d e m a n d f o r s t e e l i s 
c o n t r o l l e d b y f a c t o r s w h i c h a r e e x t e r n a l t o t h e s t e e l 
i n d u s t r y . A r e g r e s s i o n e x p e r i m e n t w a s p e r f o r m e d t o 
o b t a i n a n e m p i r i c a l r e l a t i o n s h i p b e t w e e n t h e l e v e l o f 
s h i p m e n t s t a k e n a s d e p e n d e n t v a r i a b l e a n d v a r i o u s o t h e r 
f a c t o r s t h a t m i g h t i n f l u e n c e t h e d e m a n d o f s t e e l , t a k e n 
a s i n d e p e n d e n t v a r i a b l e s . I t w a s t h e p u r p o s e o f t h i s 
a p p r o a c h t o s i n g l e o u t t h e m o r e s i g n i f i c a n t v a r i a b l e s 
r e l a t e d t o s h i p m e n t s a n d t h e n t o o b t a i n a d e q u a t e f o r e ­
c a s t m o d e l s f o r t h e m , f r o m w h i c h f o r e c a s t s o f s h i p m e n t s 
c o u l d b e f o u n d u s i n g t h e r e g r e s s i o n e x p r e s s i o n . T h e 
r e g r e s s i o n e x p e r i m e n t , w h i c h i s p r e s e n t e d i n A p p e n d i x 
I I s h o w e d r a t h e r c o n c l u s i v e r e s u l t s . T h e p r o b l e m w a s i n 
f i n d i n g a d e q u a t e f o r e c a s t s m o d e l s f o r t h e v a r i a b l e s 
t h a t w e r e f o u n d t o b e s i g n i f i c a n t . W i t h o u t t h e s e v a l i d 
m o d e l s , s h i p m e n t s c o u l d n o t b e p r e d i c t e d w i t h o u t i n t r o ­
d u c i n g l a r g e e r r o r s , d u e t o t h e e r r o r s i t s e l f i n m o d e l i n g 
t h e t i m e s e r i e s o f t h e i n d e p e n d e n t v a r i a b l e s . 
I n f o r e c a s t i n g i n p u t s , t e c h n i q u e s o t h e r t h a n B o x -
J e n k i n s m o d e l s w e r e a l s o u s e d . T h e s e a t t e m p t s w i l l b e 
o u t l i n e d i n t h e n e x t c h a p t e r . 
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CHAPTER IV 
EXPERIMENTATION AND RESULTS 
Time Series Models for Input Factors, 
Ibexes and Production 
Absolute (or Current) Dollar Value Input Factors 
The models that will be presented in this section 
are time series models based on Box-Jenkins methods. The 
exponential smoothing approach was also used but the models 
obtained by this method were inferior than those obtained 
by Box-Jenkins method. 
In most cases, the optimum smoothing constant obtained 
in the optimization phase of the exponential smoothing pro­
gram used was too large, usually greater than 0.5. Larger 
values of the smoothing constant can result if the data is 
autocorrelated. The tracking signals in most of the models 
were rather large and often greater than their appropriate 
limits. The forecast errors were also larger in the 
exponential smoothing models than in the Box-Jenkins models. 
These results implied that exponential smoothing methods 
using a single smoothing constant (as opposed to adaptive 
methods) failed to adapt to the characteristics of the 
several time series. 
One of the characteristics of most of these time 
series is the so called "stickiness11 of costs. It is often 
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found that during expansions and recessions, costs do not 
move up or down in the same proportion that output does. 
In the case of a recession for example, is not always desir­
able or possible to immediately lay off workers, cut short 
materials supplies and other expenditures. There exists a 
kind of smoothing force, where a given period's level of 
costs is related to what this level was in the previous 
period. This means that successive time period observations 
are autocorrelated. An example of this behavior can be 
shown by observing the changes in output level and in costs 
for the recession year of 1975. Domestic raw steel output 
declined by 20 percent. Total hours worked by steel industry 
employees were down by 16 percent and the average number 
of wage and salaried employees fell by only 11 percent. 
Scrap consumption declined by 23 percent. Iron ore consumed 
by blast furnaces was down 16 percent. Consumption of fuel 
oil, natural gas, and electricity declined by 18 percent, 
14 percent, and 11 percent, respectively. 
For each series of input factor, indexes and produc­
tion, the selected Box-Jenkins time series model is presented 
along with two criterias for model performance. Chi-square 
tests are performed to test the hypothesis that the residuals 
of the model represent a white noise process. This means 
that the model obtained has no other definable structure and 
that the model is adequate. Not being able to reject the 
hypothesis means that there is no indication that the 
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residuals of the model are other than white noise. Also 
the residual mean square for each model will be given. In 
building a model for a particular series, we would normally 
seek for the lowest possible residual mean square because 
it means that greater variation is explained by the model. 
Absolute value figures for the inputs and revenues 
are given in millions of dollars and shipments and produc­
tion in millions of tons. The actual figures published by 
the American Iron and Steel Institute (A.I.S.I.) have been 
rounded-off due to input data requirements of the Box-
Jenkins programs. All the time series models developed are 
obtained from two Box-Jenkins programs. One is used for 
identification and the other for diagnostic checking. For 
each time series studied, the model's one period ahead fore­
cast and actual values up to 1976 will be presented in plots 
and tables. A one period ahead forecast is the forecast for 
period T performed in period T-l, using past actual data 
observations and residuals. From 1977 to 19 86 the forecasts 
given are also made for one period ahead, but using previous 
periods forecasts in the models instead of the actual data, 
as from 1977 to 1986 no actual data is available. 
Labor 
The series analyzed is total employment cost in 
absolute dollar value terms for the aggregate industry. 
These figures are the employment costs that are used in the 
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yearly aggregate iron and steel industry income statement. 
A. I.S.I. mentions that these figures include all the affiliated 
interests of the parent companies that submit consolidated 
statements to them. 
Total employment cost per manhours in absolute terms 
has been increasing at a much larger rate than output per 
manhour. From 1967 to 1975 indexes of output per manhour 
had risen about 5 percent and total employment cost per man-
hour, in absolute value, has gone up by 12 5 percent. Total 
employment costs includes wages, salaries and fringe benefits 
such as: social security taxes, pensions, insurance, savings, 
and vacation plans, supplemental unemployment benefits and 
"other" employment costs. During the ten year period 1967-
197 6 total employment cost in absolute dollar terms has 
increased by 100.4 percent. This increase results from a 
8 5 percent increase in wages and salaries and an overall 
214 percent increase in fringe benefits. Pensions show 
the largest increase of close to 400 percent between 1967 
and 1976. 
Due to the increasing nature of the absolute value 
terms total employment cost series, the process is nonsta-
tionary in mean and slope. 
Model: ARIMA (2, 1, 2), with 
Autoregressive parameters: <J>£ = 0.49820, cf>2 = 0.77955 
Moving average parameters: 6 1 = 0.71558, 6.2 = 0.56287 
One regular difference. 
5 8 
General form: 
X t = X t - 1 + *l ( xt-l ~ X t - 2 ) + * 2 ( x t - 2 " X t - 3 ) 
~ 6l £t-l ~ 6 2 e t - 2 + et 
Substituting 
x t = x t _ x + 0 . 4 9 8 2 0 ( x t _ 1 - x 2 ) + 0 . 7 7 9 5 5 ( x t _ 2 - * t _ 3 ) 
[ 4 - 1 ] 
- 0 . 7 1 5 5 8 e x - 0 . 5 6 2 8 7 e t _ 2 + e 
Residual mean square = 2 7 . 8 9 6 
Chi-square statistic value: 
1 2 . 9 0 < X Q . 0 5 , 1 1
 = 1 9 ' 6 8 (Tables) 
Plots of this model's one period ahead forecasts or 
fitted values and actual data are given in Figure 4 . 1 . 
Table A.l presents the actual data and forecasts from the 
time series models selected, for the four input factors. 
Materials 
The series to be analyzed is the aggregate of materials, 
supplies and other services that is used by A.I.S.I. in its 
yearly iron and steel industry income statement. Major raw 
materials are iron ore and beneficiated iron-bearing materials, 
coke, limestone, scrap metal, refractories, air and oxygen, 
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Figure 4 . 1 . Labor: Actual Data and Forecasts (Absolute Value). 
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There has been a very rapid increase in cost of 
materials per ton of product since 1973. Figure 4.2 shows 
that increases from 1956 to 1972 were moderate compared to 
the steep increase started in 197 3. Energy costs have been 
increasing more rapidly than iron ore costs. The cost of 
scrap has always been very volatile. Scrap price index 
based in 1967 (67 = 100) increased from 188.0 in 1973 to 
353.2 in 1974 and declined to 245.6 and 259.0 in 1975 and 
1976, respectively. 
During 1974, 1975 and 1976 the cost of materials, 
supplies, freight, and other services have been representing 
53 percent of those years operating revenues. 
Model: ARIMA (2, 1, 2), with: 
Autoregressive parameters: <f>̂  = 0.60016, <f>2 = 0. 66098 
Moving average parameters: 6^ = 0.58760, 6 2 = 0.63170 
One regular difference 
General form: 
x t = x t _ 1 + • 1 ( x t _ 1 - x 2 ) + * 2 < x t _ 2 - x 3 ) 
" 6l et-l ' 62 et-2 + et 
Substituting 
= x. , + 0. 60016 (xJ. , - x. 0) + 0.66098 (x,_ 0 - x, 0) t t—l t-l t— z t—^ t—J 
- 0. 58760 £. -i - 0. 63170 e t 0 + £. 
t-l t-1 t 
[4-2] 
F i g u r e 4 . 2 . C u m u l a t i v e U n i t C o s t s f o r S e l e c t e d I n p u t s . 
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Residual mean square = 244.7 
Chi-square test: 
Statistic = 5.73 < Xg Q5 11 = 1 9 - 6 8 (Tables) 
Plots of actual data and forecasted values are shown 
in Figure 4.3. 
The larger residual mean square in this model than in 
the labor model results from the sharp increase in material 
cost since 1973 or even since 1971, which makes it difficult 
to the model to adjust quickly to this new trend. Also 
due to large price increases in materials during 1974 and 
the following recession in 1975 there was a dip in this 
cost series from 1974 to 1975 making it again, difficult to 
the model to adjust quickly. 
Electric Energy 
Electric energy supplies less than 10 percent of the 
total steel industry energy requirements in terms of 
equivalent BTU's. However, the use of electric energy has 
been increasing in steelmaking due to the larger amounts of 
electric arc furnaces that have come into operation. The so 
called mini-steel-plants that have been increasing in number 
normally operate using electric arc furnaces to melt scrap. 
These plants and also integrated facilities using more and 
larger electric furnaces have contributed to the increase 
of electricity as energy source. At the present time electric 
arc furnaces produce approximately 20 percent of the raw 
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steel production, whereas in 1956 they produced only close 
to 7 percent. 
The greater use of electricity in steel and its ever 
increasing unit cost means that electric energy costs will 
continue to represent a larger proportion of steelmaking 
costs. 
The electric energy costs have been separated from 
the previous materials and supplies series in order to 
observe the increasing electric energy costs apart from other 
inputs. 
The series to be analyzed is the total electric energy 
consumption by the steel industry. This figure is given by 
A.I.S.I. in terms of kilowatt-hours. Electricity indexes 
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published by the U. S. Statistical Abstract have been used 
to convert kilowatt-hours to dollar value. 
Model: ARIMA (2, 1,1), with: 
Autoregressive parameters: <J>̂  = 0.68380, t}^ = 0.78195 
Moving average parameter: 0^ = 1.04 05 
One regular difference. 
General form: 
x t = x t _ 1 + ^ ( X t - 1 - x t _ 2 ) + * 2 ( x t _ 2 - x t_ 3) - e l e t _ 1 + e t 
[4-3] 
Substituting the estimated parameters, we obtain 
x t = x t - 1 + 0. 68380(xi__1 - x 2 ) + 0. 78195 (x t_ 2 - x ) 
- 1. 0405 e . ' + e. 
t-l t 
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Residual mean square = 17.30 
Chi-square test: 
Statistic = 12.39 < Xg 0 5 12 = 2 1 - 0 3 (Tables) 
Actual and forecasted values are shown in Figure 
4.4. 
Capital 
The series to be analyzed is the gross fixed capital 
or fixed assets. It represents the gross stock value of 
plant and equipment in absolute dollar value. This series 
shows how the industry's capital stock is increasing. The 
yearly figures of this series are taken from the overall 
iron and steel industry balance sheet. 
Model: ARIMA (1, 1, 0), with: 
Autoregressive parameter: cj>^ = 0.99327 
One regular difference. 
General form: 
x t = xt-l + *l ( xt-l " xt-2> + et 
and substituting the estimated parameter <j>̂  
x t = x x + 0.99S27(x t_ 1 - x 2 ) + e [4-4] 
Residual mean square = 28.22 
Chi-square test: 
Statistic = 4.79 < X Q Q5 14 = 2 3 - 6 8 (Tables) 
50 55 60 65 70 75 76 cn 
Years 
Figure 4.4. Electric Energy: Actual Data and Forecasts (Absolute Value). 
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Plots of actual and forecasted values are given in 
Figure 4.5. This times series resembles quite closely a 
straight line plot, so a regression equation with fixed 
capital as dependent variable and time as independent could 
have been used to model this series. 
Indexes 
We now present the models obtained for four index 
series that will be used as deflators of the absolute value 
figures. These series are also given in the A.I.S.I. 
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statistical reports and are published by the Bureau of 
Labor Statistics. The four series will have 1967 as their 
base year, so for these series 1967 = 100. Table A.2 pre­
sents the actual data and forecasts for the four indexes 
series analyzed. 
Steel Price Index 
The index series analyzed is the total steel mill 
products price index series. This is a composite index for 
finished and semifinished products, but its values are very 
much the same as the series of prices of finished products 
alone. 
Model: ARIMA (2, 1, 2) with: 
Autoregressive parameters: $^ = 1.1073, ^ = -0.13267 
Moving average parameter: 6^ = 0.71738, = 0.64085 




X t = Xt-1 + *l ( xt-l " x t - 2 } + <h ( xt-2 ' X t - 3 } "* el Et-l 
- 6 2 e t _ 2 + e t 
Substituting 
x t = x x + 1.1073(x t_ 1 - x t_ 2) + (-0.13267)(xt_2 - * t _ 3 ) 
[4-5] 
- 0.71738 , - 0.64085 e . n + e . 
t-1 t - z t 
Residual mean square = 33.66 
Chi-square test: 
Statistic = 9.70 < Xg 05 11 = 1 9 ' 6 8 (Tables) 
Plots of this series and actual values are given in 
Figure 4.6. 
Labor Index 
The series analyzed is the index of total employment 
cost per hour. This includes the regular straight time plus 
premiums and fringe benefits for wage employees. It was 
not possbile to find a similar index for wage and salary 
employees but this should not cause any serious problems in 
this analysis. 
The series increases in a fairly constant rate from 




M o d e l : ARIMA ( 2 , 2 , 2 ) , w i t h : 
A u t o r e g r e s s i v e p a r a m e t e r s : <|>̂  = 0 . 1 1 5 1 3 , (j>2 = 0 . 4 8 6 7 7 
M o v i n g a v e r a g e p a r a m e t e r s : = 0 . 4 5 3 7 5 , = 1 . 0 3 8 4 
T w o r e g u l a r d i f f e r e n c e s . 
G e n e r a l f o r m : 
x t = 2 x t - l ~ x t - 2 ~ * l ( 2 x t - 2 X t - 1 ~ x t - 3 ) 
- < J > 2 ( 2 x t - 3 " x t _ 2 " x t - 4 } ~ 9 l e t - l " 9 2 e t - 2 + e t 
S u b s t i t u t i n g p a r a m e t e r s : 
x . = 2x,_ - , - x . o - 0 . 1 1 5 1 3 ( 2 x i . „-x, - x . -J t t-l t- z t- z t-l t-J 
[ 4 - 6 ] 
- 0 . 4 8 6 7 7 ( 2 x , _ -,-x̂  0-x. „ ) - 0 . 4 5 3 7 5 £ . n - 1 . 0 3 8 4 £ . 0 + £ + . 
t-J t-z t-4 t-l t-z t 
R e s i d u a l m e a n s q u a r e = 1 5 . 0 6 
C h i - s q u a r e t e s t : 
S t a t i s t i c = 8 . 5 3 < X Q 0 5 1 ± = 1 9 . 6 8 ( T a b l e s ) 
F i g u r e 4 . 7 s h o w s a c t u a l a n d f o r e c a s t e d v a l u e s . -
I n d u s t r i a l C o m m o d i t i e s I n d e x 
T h i s i n d e x i s a l s o t a k e n f r o m t h e B . L . S . a n d g i v e n i n 
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t h e A . I . S . I . s t a t i s t i c a l r e p o r t s . D u e t o t h e g r e a t v a r i e t y 
o f r a w m a t e r i a l s a n d t y p e s o f e q u i p m e n t u s e d i n t h e s t e e l 
i n d u s t r y , a g g r e g a t e i n d e x e s h a v e t o b e u s e d t o d e f l a t e t h e s e 
s e r i e s . T h e i n d u s t r i a l c o m m o d i t i e s i n d e x i s u s e d a s d e f l a t o r 
o f t h e m a t e r i a l s a n d f i x e d c a p i t a l s e r i e s . 
5 5 60 65 70 75 76 
Years 
Figure 4 . 7 . Labor Index: Actual Data and Forecasts. 
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Model: ARIMA (2, 1, 2) with 
Autoregressive parameters: <j>̂  = 0. 85163, <j>2 = 0.34916 
Moving average parameters: 9-̂  = 0.43338, e 2 = 0.78701 
One regular difference. 
General form: 
X t = Xt-1 + *l ( xt-l " X t - 2 } + * 2 ( x t - 2 " X t - 3 } " 9l £t-l 
92 et-2 + et 
Substituting 
x t = x t _ 1 + 0. 85163 ̂ ^ - x t_ 2) + 0.34916 (x t_ 2 - x 3) 
[4-7] 
= 0. 43338 e. . - 6^,. n + e , . 
t-i z t-z t 
Residual mean square = 18.23 
Chi-square test: 
Statistic = 1.56 < X Q Q5 11 = 1 9 * 6 8 (Tables) 
Actual and fitted values are shown in Figure 4.8. 
Electric Energy Index 
This index series was computed using the series of 
electricity cost per kilowatt-hour for industry, published 
57 
by the U. S. Statistical Abstract. The series of cost per 
kilowatt-hour has been used to convert kilowatt-hour consump­
tion figures given by A.I.S.I. to absolute value terms. 
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Model: ARIMA (1, 1, 2), with: 
Autoregressive parameter: (j>̂  = 1. 2762 
Moving average parameters: 0^ = 0.32239, e 2 = 0.72243 
One regular difference. 
General form: 
x t = xt-l + *l ( xt-l " X t - 2 ) " 9l et-l " 62 et-2 + ct 
Substituting parameters: 
x. = x. n + 1.2762(x. n - x^ _) - 0.32239 n t t-l t-i t—Z t-l 
[4-8] 
- 0.72243 E . 0 + E . 
t- z t 
Residual mean square = 51.66 
Chi-square test: 
Statistic = 1.38 < X Q 05 12 = 2 1 - 0 3 (Tables) 
Figure 4.9 shows plots of actual and forecasted values for 
the index of cost per kilowatt-hour used as the electric energy 
index. 
Production 
The series analyzed is raw steel production in terms 
of tons. 
Steel industry output has been traditionally cyclical 
in nature. A time series approach to model production has 
been used to observe if it was possible to incorporate into 
the model its historical cyclical behavior. However, it is 
period ahead 
5 5 60 65 70 75 76 
Years 
Figure 4 . 9 . Electric Energy Index: Actual Data and Forecasts. 
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recognized that the level of output measures are affected 
mainly by demand factors which are external to the steel 
industry. There may be cases where more adequate models 
might be developed by studying the effect of these demand 
factors on the particular output measure than by taking the 
output measure as it relates to time. The problem is that 
one requires forecast models for the time series of demand 
factors, and if these are difficult to model, it will intro­
duce additional error in the forecasts of the output factor 
of interest. 
Model: ARIMA (2, 1, 2), with: 
Autoregressive parameters: $^ = 0.10204, <j>2 = -1. 0841 
Moving average parameters: = 0.30738, 9 2 =-0. 87355 
One regular difference. 
General form: 
X t = Xt-1 + *l ( xt-l = X t - 2 ) + *2 ( xt-2 " X t - 3 } 
" e i e t - l " 92 et-2 + et 
Substituting parameters: 
= + 0.10204 (x^ , - J + (-1. 0841) (x, 0 - x..-) t t-1 t-1 t~2 t-2 t-3 
[4-9] 
- 0.30738 e - (-0.87355) e t _ 2 + e 
Residual mean square = 185.47 
Chi-square test: 
Statistic = 5.75 < x « n r n = 19.68 (Tables) 
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A c t u a l a n d f o r e c a s t e d p l o t s a r e g i v e n i n F i g u r e 4 . 1 0 a n d t h i s 
d a t a i s p r e s e n t e d i n T a b l e A . 3 . 
F r o m t h e p l o t s w e n o t i c e t h a t t h e m o d e l i s a b l e t o 
a c c o u n t f o r t h e c y c l i c a l b e h a v i o r o f t h e s e r i e s . A t e a r l i e r 
p e r i o d s , h o w e v e r , t h e r e i s a o n e p e r i o d l a g i n t h e i n c r e a s e s 
a n d d e c r e a s e s o f t h e m o d e l a s c o m p a r e d t o t h e a c t u a l v a l u e s . 
T h i s r e s u l t s b e c a u s e i n e a r l i e r p e r i o d s m o s t a c t u a l v a l u e 
i n c r e a s e s a r e f o l l o w e d b y d e c r e a s e s a n d v i c e v e r s a . T h i s m a k e s 
i t v e r y d i f f i c u l t f o r t h e m o d e l t o a d j u s t t o t h e s e c h a n g e s . 
H o w e v e r , f r o m 1 9 6 3 o n , t h i s o n e p e r i o d l a g d i s a p p e a r s a n d t h e 
m o d e l d o e s a m u c h b e t t e r j o b i n r e p r e s e n t i n g i n c r e a s e s a n d 
d e c r e a s e s o f t h e a c t u a l d a t a . I t i s e v i d e n t f r o m t h e f o r e ­
c a s t s m a d e f r o m 1 9 7 6 i n t o t h e f u t u r e t h a t t h e m o d e l h a s b e e n 
a b l e t o t a k e i n t o a c c o u n t t h e c y c l i c a l b e h a v i o r o f t h e s e r i e s . 
R e g r e s s i o n M o d e l s f o r S h i p m e n t s a n d R e v e n u e s 
T h e a p p r o a c h u s e d t o a n a l y z e s h i p m e n t s a n d r e v e n u e s 
s e r i e s w a s t o o b t a i n e m p i r i c a l r e l a t i o n s h i p s l i n k i n g s h i p ­
m e n t s t o p r o d u c t i o n a n d r e v e n u e s t o s h i p m e n t s . T h i s a p p r o a c h 
w a s c h o s e n r a t h e r t h a n t h e t i m e s e r i e s a n a l y s i s u s e d s o f a r , 
b a s e d o n t h e f a c t t h a t s h i p m e n t s d i f f e r f r o m p r o d u c t i o n b y 
t h e a m o u n t o f i n v e n t o r i e s p l u s t h e l o s s e s i n t r a n s f o r m i n g o f 
r a w s t e e l t o f i n i s h e d p r o d u c t s , w h i c h i s u s u a l l y w i t h i n 
c e r t a i n l i m i t s . I t i s t h e n l e g i t i m a t e t o b e l i e v e t h a t a n 
a d e q u a t e r e l a t i o n s h i p c a n b e o b t a i n e d b e t w e e n s h i p m e n t s a n d 
p r o d u c t i o n . S i m i l a r l y , i t i s l e g i t i m a t e t o e x p e c t a r e l a ­
t i o n s h i p b e t w e e n s h i p m e n t s a n d r e v e n u e s , b e c a u s e f o r o t h e r 
Actual data 
Forecasts, one period ahead 
Forecasts, 1 9 7 7 to 1 9 8 6 
50 55 60 65 70 75 80 85 86 
Years 
Figure 4.10. Production: Actual Data and Forecasts. 
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than a few adjustments revenues represent the value of ship­
ments. 
The results presented for these regression models and 
all other regression models obtained in this study are 
6 2 
obtained from the SPSS package programs. 
Shipments 
This expression is obtained by using actual produc­
tion and shipments series from 1950 to 1975. Shipments are 
taken as dependent variable and production as the independent 
variable. 
Model: 
(Shipments) = 4443.72 + 0.6687 (Production) [4-10] 
The parameters obtained confirm that shipments level 
are generally close to 70 percent of the production level 
because the 30 percent difference represent inventories and 
production losses. 
r„ T T T T, m = 0.966. This large simple correlation SHIPT, PROD y ^ 
coefficient between shipments and production confirm the 
linear association between the two series. 
2 
R =93.44 percent, is also large, meaning that 93.44 
percent of the variation in the shipment series is explained 
by the production series. 
Actual and predicted values are shown in Table 4.1. 
Revenues 
Similarly, the relationship between revenues and ship-
81 
merits was obtained from the actual data of those two series 
with revenues as dependent variable and shipments as inde­
pendent variable. In this case, a better model was obtained 
by including an additional independent variable, a T term 
representing a linear time effect. The inclusion of the 
linear time term is motivated by the fact that the time 
sequence plot of the residuals showed a trend in the sign 
and magnitude of the residuals. Revenues series is analyzed 
in constant 1967 dollar value by adjusting the absolute 
value revenue series by the steel price index for each year. 
Model 
(Revenues) = 2271.38 + 0.1989 (Shipments) - 127.14 (Time, T) 
[4-11] 
where shipments is expressed in thousands of tons, and T is 
the time period number. Simple correlation coefficients 
r _.. . = 0.887 Rev, Shipt 
r 0 m . = 0.355 Rev, Time 
2 
R =89.89 Percent 
The inclusion of the linear term in time, T, is 
2 
appropriate because increases R from 7 8 percent to close to 
9 0 percent and reduces the mean square error by 50 percent, 
compared to the model without the T term. The negative sign 
of the time parameter indicates that as time progresses 
during the estimation interval of 1950 to 1975, less revenues 
in constant dollars are being obtained from a given level of 
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Table 4.1. Shipments and Revenues Actual and Predicted Data. 
Shipments Revenues 
(Millions of Tons) (Millions of Dollars) 
(Constant 1967 Values) 
Year Actual 
Predicted 
[Eq. - 4-10] Actual 
Predicted 
[Eq. - 4-11] 
1950 72.232 69.198 15, ,968. 9 16,512.5 
1951 78.929 74.791 18, , 409. 4 17,717.5 
1952 68.004 66.745 16, 519. 7 15,417.2 
1953 80.152 79.077 18, 569. 5 17,706.5 
1954 63.153 63.498 14, ,272. 2 14,197.9 
1955 84.717 82.706 18, ,083. 2 18,360.2 
1956 83.251 81.489 18, , 091. 3 17,941.5 
1957 79.895 79.816 16, 850. 5 17,146.8 
1958 59.914 61.454 13, ,097. 1 13,045.1 
1959 69.377 66.931 14, 599. 7 14, 800.3 
1960 71.149 70.165 14, 587. 3 15,025.6 
1961 66.126 69.986 13, 690. 2 13,899.3 
1962 70.552 70.196 14, 445. 2 14,652.6 
1963 75.555 77.507 15, 008. 0 15,520.6 
1964 84.945 89.419 16, 661. 3 .17,261.3 
1965 92.666 92.352 18, 230. 6 18,670.0 
1966 89.995 94.117 18, 271. 5 18,011.6 
1967 83.897 89.511 16, 693. 9 16,671.5 
1968 91.856 92,352 18, 024. 2 18,127.5 
1969 93.877 98.906 17, 704. 4 18,402.4 
1970 90.798 92.387 16, 675. 3 17,662.8 
1971 87.038 84.984 16, 414. 4 16,787.7 
1972 91.805 93.542 17, 151. 0 17,608.8 
1973 111.430 105.283 21, 249. 0 21,385.4 
1974 109.472 101.887 22, 202. 9 20.868.8 
1975 79.957 82.442 16, 807. 2 14, 870.6 
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shipments. 
Actual and predicted values are presented in Table 
4.1. 
Computation of Input and Output Factors 
in Constant Dollar Values 
At this point, times series models have been created 
for the four input factors considered and also for the four 
indexes that will be used to deflate the absolute value 
figures, to yield the constant dollar value terms necessary 
for productivity computations. The three output factors 
considered do not require further adjustment. Production 
and shipments are given in terms of tons, and revenues 
obtained from the linear relationship to shipments and time 
is already given in constant value terms, as was explained 
earlier. 
All the absolute value series at this point are 
deflated to 1967 constant dollar values. The labor input 
given by the total employment series is deflated by the 
series of index of employment cost per hour. Materials, 
supplies and other services is deflated by the series of 
industrial commodities index. Electric energy cost series is 
deflated by the series of the index of cost of kilowatt-hours 
To adjust capital to constant dollar value a different 
procedure is required. The 1967 gross capital stock is 
taken as a base, and additions or reductions to this amount o 
stock are added or subtracted in constant dollar value by 
84 
adjusting them by the series of industrial commodities index. 
Two sets of results in constant 1967 dollar values 
are presented. One set for the actual historical data in 
Table 4.2 and the other for figures obtained by the time 
series models in Table 4.3. Output factors figures are also 
given in these tables. In Table 4.3, obtained from forecasts, 
the shipments and revenues series are obtained by using the 
two regression expressions Equations [4-10] and [4-11] 
relating shipments to production and revenues to shipments 
plus the linear T term. Production is forecasted from the 
ARIMA (2, 1, 2) model given in Equation [4-9]. These fore­
casts are used in Equation [4-10] that relates shipments to 
production and enables the prediction of shipments. The 
predicted shipments and the time period number are used in 
Equation [4-11] to predict revenues in constant 1967 value 
terms. 
Regression Models for Input Factors 
In this approach, the input factors are related to 
an output factor through relationships obtained using regres­
sion. Using the series of actual data, expressions are 
obtained that relate each input factor to production. It 
can be assumed that the production level at a given year is 
an important factor determining the level of the inputs 
required in that year. If this assumption is reasonable, it 
is expected to obtain better models for the input factors 
through a directly related output factor such as production. 
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Table 4.2. Input and Ouput Factors: Actual Data 
Constant Value Terms.* 
I n p u t s O u t p u t s 
Y e a r L a b o r M a t e r i a l s 
E l e c t r i c 
E n e r g y C a p i t a l S h i p m e n t s P r o d u c t i o n R e v e n u e s 
1 9 5 0 7 , 8 5 7 . 36 5 5 8 4 . 23 2 2 1 . 52 6 , 7 1 3 . 15 7 2 . 2 3 2 9 6 . 836 1 5 , 9 6 8 . 86 
1 9 5 1 8 , 6 2 2 . 97 6 3 7 3 . 75 2 4 7 . 99 7 , 8 9 6 . 19 7 8 . 9 2 9 1 0 5 . 2 0 0 1 8 , 4 0 9 . 38 
1 9 5 2 7 , 7 8 0 . 08 6 4 2 2 . 35 2 3 3 . 03 9 , 4 3 6 . 0 3 6 8 . 0 0 4 9 3 . 1 6 8 1 6 , 5 1 9 . 72 
1 9 5 3 8 , 7 2 6 . 32 7 1 7 8 . 77 1 8 0 . 40 1 0 , 3 9 3 . 35 8 0 . 1 5 2 1 1 1 . 6 1 0 1 8 , 5 6 9 . 22 
1 9 5 4 7 , 3 6 3 . 64 5 3 8 5 . 76 2 3 9 . 38 1 0 , 9 4 6 . 06 6 3 . 1 5 3 8 8 . 312 1 4 , 2 7 2 . 22 
1 9 5 5 8 , 2 3 3 . 39 7 0 5 6 . 04 3 1 2 . 90 1 1 , 6 3 5 . 13 84 . 717 1 1 7 . 036 1 8 , 0 8 3 . 16 
1 9 5 6 8 , 1 8 4 . 06 7 7 1 0 . 13 3 2 1 . 84 1 2 , 9 3 9 . 60 8 3 . 2 5 1 1 1 5 . 2 1 6 1 8 , 0 9 1 . 29 
1 9 5 7 8 , 1 7 7 . 5 1 7 2 2 8 . 83 3 2 1 . 06 1 4 , 7 6 5 . 54 7 9 . 8 9 5 1 1 2 . 7 1 5 1 6 , 8 5 0 . 54 
1 9 5 8 6 , 4 9 2 . 82 5 6 0 3 . 3 1 2 3 7 . 79 1 5 , 8 8 3 . 8 1 5 9 . 9 1 4 8 5 . 2 5 5 1 3 , 0 9 7 . 05 
1 9 5 9 6 , 4 4 1 . 10 6 7 5 6 . 56 2 4 9 . 98 1 6 , 6 5 3 . 54 6 9 . 3 7 7 9 3 . 446 1 4 , 5 9 9 . 69 
1 9 6 0 6 , 8 9 3 . 77 6 3 0 7 . 45 2 7 1 . 97 1 8 , 0 6 4 . 77 7 1 . 1 4 9 9 8 . 2 8 2 1 4 , 5 8 1 . 33 
1 9 6 1 6 , 3 8 6 . 28 5 8 3 1 . 22 2 7 3 . 32 1 8 , 7 6 0 . 97 6 6 . 1 2 6 9 8 . 014 1 3 , 6 9 0 . 2 1 
1 9 6 2 6 , 2 7 8 . 12 6 4 6 4 . 77 2 7 9 . 89 1 9 , 2 7 4 . 47 7 0 . 5 5 2 9 8 . 3 2 8 1 4 , 4 4 5 . 20 
1 9 6 3 6 , 2 7 7 . 16 6 5 1 7 . 95 3 0 2 . 07 1 9 , 9 9 5 . 91 7 5 . 5 5 5 1 0 9 . 2 6 1 1 5 , 0 0 8 . 00 
1 9 6 4 6 , 7 0 6 . 12 7 3 8 2 . 98 3 4 9 . 07 2 1 , 4 1 1 . 46 8 4 . 9 4 5 1 2 7 . 076 1 6 , 6 6 1 . 28 
1 9 6 5 6 , 9 3 1 . 14 8 3 7 7 . 59 3 6 0 . 29 2 3 , 0 0 4 . 51 9 2 . 6 6 6 1 3 1 . 4 6 2 1 8 , 2 3 0 . 56 
1 9 6 6 6 , 9 9 3 . 12 8 1 6 6 . 09 3 7 6 . 30 2 4 , 6 7 0 . 50 8 9 . 9 9 5 1 3 4 . 1 0 1 1 8 , 2 7 1 . 49 
1 9 6 7 6 , 4 9 6 . 40 7 4 5 3 . 20 3 8 1 . 81 2 6 , 0 5 4 . 30 8 3 . 897 1 2 7 . 2 1 3 1 6 , 6 9 3 . 90 
1 9 6 8 6 , 6 5 4 . 16 8 3 7 7 . 56 4 1 4 . 57 2 8 , 0 0 6 . 89 9 1 . 856 1 3 1 . 462 1 8 , 0 2 4 . 20 
1 9 6 9 6 , 6 3 3 . 36 8 2 6 8 . 49 4 3 4 . 65 2 9 , 2 0 4 . 44 9 3 . 877 1 4 1 . 2 6 2 1 7 , 7 0 4 . 38 
1 9 7 0 6 , 4 2 5 . 40 8 3 2 8 . 09 4 4 5 . 3 1 3 0 , 5 8 0 . 87 9 0 . 7 9 8 1 3 1 . 5 1 4 1 6 , 6 7 5 . 33 
1 9 7 1 5 , 9 2 2 . 49 8 7 2 3 . 62 4 3 6 . 89 3 1 . 4 7 5 . 86 8 7 . 0 3 8 1 2 0 . 4 4 3 1 6 , 4 1 4 . 39 
1 9 7 2 6 , 0 7 0 . 9 1 9 0 6 4 . 97 4 6 3 . 04 3 2 , 1 1 2 . 50 9 1 . 805 1 3 3 . 2 4 1 1 7 , 1 5 1 . 00 
1 9 7 3 6 , 3 2 0 . 5 1 1 1 3 7 8 . 3 5 5 1 6 . 48 3 2 , 8 8 1 . 70 1 1 1 . 4 3 0 1 5 0 . 7 9 9 2 1 , 2 4 8 . 99 
1 9 7 4 6 , 2 1 5 . 15 12 9 3 9 . 08 5 0 9 . 64 3 3 , 4 7 7 . 17 1 0 9 . 4 7 2 1 4 5 . 7 2 0 2 2 , 2 0 2 . 94 
1 9 7 5 5 , 3 3 8 . 32 10 1 3 0 . 38 4 5 5 . 0 1 3 5 , 0 4 9 . 2 4 7 9 . 937 116. . 6 4 2 1 6 , 8 0 7 . 20 
1 9 7 6 5 , 3 8 1 . 77 10 4 5 6 . 35 4 8 7 . 7 1 3 6 , 5 7 4 . 69 8 9 . 447 1 2 8 . 0 0 0 1 7 , 2 2 2 . 89 
*Millions of dollars and millions of tons. 
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T a b l e 4 . 3 . I n p u t a n d O u t p u t F a c t o r s : F o r e c a s t e d a n d 
P r e d i c t e d D a t a , C o n s t a n t V a l u e T e r m s . * 
I n p u t s O u t p u t s 
E l e c t r i c 
Y e a r L a b o r M a t e r i a l s E n e r g y C a p i t a l S h i p m e n t s P r o d u c t i o n R e v e n u e s 
1 9 5 0 6 6 2 3 . 44 4 8 9 4 . 18 1 7 3 . 17 6 5 4 6 . 50 5 3 . 0 5 1 72 6 9 0 1 2 , 6 9 6 . 19 
1 9 5 1 6 6 4 6 . 57 5 4 2 2 . 05 1 7 9 . 4 1 7 , 5 6 0 . 44 7 3 . 3 1 9 1 0 3 000 1 6 , 6 0 0 . 25 
1 9 5 2 7 1 1 5 . 37 6 2 8 1 . 08 2 1 7 . 90 9 1 2 9 . 3 1 7 5 . 1 2 5 1 0 5 7 0 0 1 6 , 8 3 2 . 38 
1 9 5 3 7 2 0 4 . 8 1 6 6 2 2 . 66 2 2 5 . 97 1 1 0 8 5 . 06 6 3 . 6 8 3 88 590 14 429 54 
1 9 5 4 7 6 0 8 . 06 7 0 6 8 . 57 2 5 1 . 48 H i 4 2 7 . 92 7 7 . 0 6 4 1 0 8 6 0 0 16 6 9 3 82 
1 9 5 5 7 4 4 0 . 72 5 5 4 1 . 30 2 5 0 . 87 H i 6 6 5 . 59 6 6 . 0 2 4 92 0 9 0 14 6 4 0 77 
1 9 5 6 7 0 4 1 . 10 6 9 0 0 . 18 2 9 8 . 37 1 2 , 4 4 8 . 94 8 4 . 8 2 1 1 2 0 2 0 0 18 2 5 2 39 
1 9 5 7 7 4 9 4 . 37 7 7 5 4 . 10 3 1 7 . 80 14 1 8 8 . 26 7 5 . 9 9 4 1 0 7 0 0 0 16 369 59 
1 9 5 8 7 4 2 7 . 99 7 1 9 5 . 29 3 2 5 . 94 16 6 0 7 . 02 7 6 . 6 6 3 1 0 8 6 0 0 16 3 7 5 45 
1 9 5 9 6 5 7 4 . 75 5 6 5 9 . 78 2 6 8 . 18 1 7 , 1 3 6 . 96 6 9 . 2 5 4 96 9 2 0 14 774 62 
1 9 6 0 5 9 8 3 . 57 6 7 0 4 . 2 3 2 2 5 . 75 1 7 , 6 4 9 . 20 7 4 . 6 5 7 1 0 5 0 0 0 15 7 2 2 16 
1 9 6 1 6 7 9 5 . 88 6 4 5 1 . 38 2 3 1 . 48 1 9 , 5 2 1 . 27 6 3 . 8 3 7 88 8 2 0 13 4 4 3 0 1 
1 9 6 2 6 3 1 4 . 7 3 5 8 8 1 . 38 2 7 3 . 19 19 6 2 4 . 90 6 0 . 6 0 7 83 9 9 0 12 6 7 3 46 
1 9 6 3 6 1 9 6 . 52 6 , 5 6 1 . 0 1 2 7 6 . 60 1 9 . 9 3 5 . 6 5 7 2 . 7 8 4 1 0 2 2 0 0 14 9 6 8 33 
1 9 6 4 6 , 2 1 4 . 86 6 , 6 8 0 . 42 3 0 2 . 8 1 2 0 , 6 5 7 . 52 8 4 , 8 2 1 1 2 0 2 0 0 17 2 3 5 27 
1 9 6 5 6 , 5 4 5 . 36 7 , 4 8 7 . 99 3 3 0 . 72 2 2 , 9 0 6 . 78 8 5 . 4 2 3 1 2 1 1 0 0 17 2 2 7 83 
1 9 6 6 6 , 7 8 0 . 19 8, 5 3 7 . 1 5 3 8 6 . 14 2 4 , 5 1 3 . 2 1 8 1 . 2 1 0 1 1 4 8 0 0 16 2 6 2 76 
1 9 6 7 6 9 3 6 . 0 5 8 , 4 1 4 . 10 3 9 1 . 79 2 6 , 4 0 0 . 00 9 3 . 1 8 0 1 3 2 7 0 0 18 5 1 6 40 
1 9 6 8 6 6 7 1 . 36 7 7 6 6 . 7 3 4 0 5 . 34 2 7 , 4 5 1 . 62 9 9 . 0 6 4 1 4 1 5 0 0 19 559 70 
1 9 6 9 6 3 5 0 . 9 1 8 5 5 7 . 62 4 3 6 . 16 2 9 , 8 6 7 . 98 9 6 . 1 8 9 1 3 7 2 0 0 1 8 , 860 64 
1 9 7 0 6 , 4 1 4 . 24 8 5 3 0 . 47 4 6 7 . 30 3 0 , 2 2 6 . 40 8 9 . 5 6 9 1 2 7 . 3 0 0 1 7 , 4 1 6 . 76 
1 9 7 1 6 , 3 8 0 . 9 5 8 6 0 0 . 86 4 7 6 . 37 3 1 7 7 1 . 46 8 6 . 0 9 1 1 2 2 . 1 0 0 1 6 , 5 9 7 . 99 
1 9 7 2 5 , 7 2 8 . 55 8 9 6 0 . 40 4 5 7 . 08 3 2 , 3 4 9 . 02 9 3 . 5 8 1 1 3 3 3 0 0 1 7 , 9 6 0 . 5 1 
1 9 7 3 5 , 5 3 1 . 2 3 9 3 5 8 . 16 4 9 8 . 77 32 8 5 6 . 73 1 0 1 . 806 1 4 5 6 0 0 1 9 , 4 6 9 . 32 
1 9 7 4 6 , 0 5 7 . 37 1 1 4 5 4 . 4 1 5 3 0 . 97 3 3 , 7 9 7 . 40 9 5 . 9 8 8 1 3 6 . 9 0 0 1 8 , 1 8 5 . 04 
1 9 7 5 5 6 5 5 . 1 1 12 4 9 1 . 3 1 4 5 9 . 1 1 3 4 , 2 6 0 . 90 8 9 . 9 7 0 1 2 7 . 9 0 0 1 6 , 8 6 0 . 86 
1 9 7 6 5 3 7 8 . 1 5 10 4 7 6 . 7 1 4 9 2 . 3 1 3 6 , 5 9 0 . 60 9 1 . 9 0 9 1 3 0 . 800 17 119 44 
1 9 7 7 5 3 3 1 . 60 10 7 5 2 . 96 5 0 4 . 08 38 0 9 9 . 1 1 1 0 6 . 0 2 6 1 5 1 9 1 1 19 800 20 
1 9 7 8 5 , 4 5 1 . 6 1 10 9 6 4 . 26 5 2 2 . 79 39 3 7 9 . 90 9 8 . 0 5 1 1 3 9 9 8 4 18 0 8 6 67 
1 9 7 9 5 , 6 0 8 . 65 1 1 1 7 0 . 43 5 3 7 . 57 4 0 , 5 3 8 . 92 7 9 . 9 0 3 1 1 2 8 4 5 14 3 4 9 93 
1 9 8 0 5 , 8 3 7 . 76 1 1 3 8 5 . 56 5 5 2 . 97 4 1 , 5 8 3 . 43 8 6 . 6 9 7 1 2 3 0 0 6 1 5 574 25 
1 9 8 1 6 , 1 2 0 . 9 1 H i 5 9 8 . 38 5 6 6 . 6 5 4 2 , 5 2 1 . 04 1 0 7 . 0 6 4 1 5 3 4 6 3 19 4 9 8 09 
1 9 8 2 6 , 4 6 7 . 87 H i 8 1 3 . 2 5 5 7 9 . 84 4 3 , 3 5 9 . 50 1 0 1 . 7 7 7 1 4 5 5 5 6 18 3 1 9 25 
1 9 8 3 6 , 8 7 7 . 03 1 2 , 0 2 6 . 44 5 9 1 . 86 4 4 , 1 0 6 . 60 7 9 . 1 5 8 1 1 1 7 3 1 1 3 6 9 3 19 
1 9 8 4 7 , 3 5 5 . 12 1 2 , 2 3 8 . 88 6 0 3 . 2 3 4 4 , 7 7 0 . 18 . 8 2 . 5 8 2 1 1 6 . 8 5 1 14 2 4 7 12 
1 9 8 5 7 , 9 0 6 . 24 1 2 , 4 4 9 . 36 6 1 3 . 84 4 5 , 3 5 7 . 82 1 0 7 . 452 1 5 4 . 0 4 3 19 0 6 6 64 
1 9 8 6 8 , 5 3 8 . 0 1 1 2 , 6 5 7 . 70 6 2 3 . 87 4 5 , 8 7 6 . 8 3 1 0 6 . 2 7 8 1 5 2 2 8 7 18 7 0 5 93 
* M i l l i o n s o f d o l l a r s a n d m i l l i o n s o f t o n s . 
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than through time series alone. Previously, in the time 
series approach, it was observed how each factor changes 
through time, but the factors that cause these changes are 
not explicitly considered. In this second approach, we have 
explicitly considered an output factor such as production 
and use it as independent variable. In building these 
expressions, better models are obtained by adding a linear 
time term as it was in the case with revenues, previously 
discussed. This means that there is an additional time 
effect when production is the only independent variable con­
sidered. These expressions are developed by using the actual 
data in constant 1967 dollar values. The forecasts for pro­
duction, in thousands of tons, and the time period number can 
be used in these expressions to predict the inputs in constant 
dollar value from which productivity calculations can be made. 
It is important to note that these expressions are obtained 
from the historical data from 1950 to 1975. These models 
must be used with caution for extrapolating beyond 197 5, 
because one is implicitly assuming that the same relationships 
will hold in the future. As this fact can seldom be assured 
one should make the effort to recompute new model parameters 
as new observations become available. In this study the 
assumption is made that the relationships will hold for the 
next eleven year period from 1976 to 19 86. This will permit 
to predict productivity during that time span. 
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Labor 
(Labor) = 4927.074 + 0.03625 (Production) - 162.213 (T) 
[4-12] 
2 
with R = 93.12 percent. 
2 
The inclusion of the T term increases the R from 
68 percent to 93.12 percent and reduces the mean square error 
from 267,138.5 to 60,085. The negative sign in the time 
coefficient means that given that the production factor is 
already included in the model, there is an additional nega­
tive linear time effect, indicating that the level of labor 
in constant dollars had decreased with time during the 1950 
to 1976 time interval that has been used to estimate the 
parameters. This decreasing effect can be observed in Table 
A.4. This result clearly shows the importance of restricting 
extrapolations with regression to only few periods beyond 
the time interval used to estimate the parameters. As in 
this case, the model could eventually predict zero and nega­
tive labor costs if indefinitely large extrapolations are 
considered. 
Materials 
(Materials) = 459.756 + 0.5128 (Production) + 92.634 (T) 
[4-13] 
2 
with R =75.76 percent. 
2 
The inclusion of the T term improves R from 68.7 
8 9 
p e r c e n t t o 7 5 . 7 6 p e r c e n t a n d r e d u c e s t h e m e a n s q u a r e e r r o r 
b y 1 9 p e r c e n t . T h e p o s i t i v e s i g n i n t h e t i m e c o e f f i c i e n t 
m e a n s t h a t g i v e n t h a t p r o d u c t i o n i s i n c l u d e d i n t h e m o d e l 
a n a d d i t i o n a l i n c r e a s i n g t r e n d i n c o n s t a n t d o l l a r m a t e r i a l s 
i s p r e s e n t . T h i s t r e n d c a n b e o b s e r v e d i n T a b l e A . 4 . 
E l e c t r i c E n e r g y 
( E l e c . E n e r . ) = - 1 4 . 0 2 + 0 . 0 0 2 1 6 3 ( P r o d u c t i o n ) + 7 . 6 4 4 ( T ) 
[ 4 - 1 4 ] 
w i t h R 2 = 9 2 . 9 0 p e r c e n t . 
2 
T h e T t e r m i m p r o v e s t h e m o d e l b y i n c r e a s i n g R f r o m 
8 5 p e r c e n t t o c l o s e t o 9 3 p e r c e n t a n d r e d u c i n g m e a n s q u a r e 
e r r o r b y 5 0 p e r c e n t . A s i n E q u a t i o n [ 4 - 1 3 ] , t h e p o s i t i v e T 
t e r m c o e f f i c i e n t i n d i c a t e s t h e p r e s e n c e o f a n i n c r e a s i n g 
e l e c t r i c e n e r g y t r e n d i n c o n s t a n t d o l l a r s a f t e r p r o d u c t i o n h a s 
b e e n i n c l u d e d i n t h e m o d e l . T h i s t r e n d c a n b e o b s e r v e d i n 
T a b l e A . 4 . 
C a p i t a l 
( F i x e d C a p i t a l ) = 4 9 1 3 . 0 9 6 + 0 . 0 0 3 6 8 7 6 ( P r o d u c t i o n ) + 1 1 4 6 . 5 8 3 ( T ) 
[ 4 - 1 5 ] 
2 
w i t h R = 9 9 . 4 7 p e r c e n t . S i m i l a r l y , a s i n E q u a t i o n s [ 4 - 1 3 ] 
a n d [ 4 - 1 4 ] t h e p o s i t i v e t i m e t e r m c o e f f i c i e n t i n d i c a t e s a n 
i n c r e a s e i n c o n s t a n t d o l l a r c a p i t a l f a c t o r w h i c h i s e v i d e n t 
f r o m T a b l e A . 4 . 
I n t h i s c a s e s m a l l i m p r o v e m e n t i s g a i n e d b y u s i n g t h e 
t w o i n d e p e n d e n t v a r i a b l e s . H o w e v e r , t h i s m o d e l i s u s e d i n 
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order to be consistent with the models developed for the other 
input factors. 
Table A.4 shows the actual data and predictions from 
these models using the actual production data and the time 
period. Table 4.4 presents the actual data and the results 
that Equations [4-12] through [4-15] give by using the fore­
casts of production obtained from the ARIMA (2, 1, 2) process 
given in Equation [4-9] and the time period. 
The results of these models are used to compute pro­
ductivities. The productivities computed by predicting 
inputs with this approach are compared to the productivities 
obtained by using the constant value figures obtained from 
the time series models, and both methods are compared to the 
productivities obtained from the actual historical data. 
Productivity Computations From Time 
Series Models of Inputs 
The data to be used in these productivity computations 
is given entirely in Table 4.3. The output factor series 
are based on the forecasts of the time series model Equation 
[4-9] for production. This series is used in Equation [4-10] 
to predict shipments and revenues are predicted from Equa­
tion [4-11] using the shipments predictions. 
The four input factors are given in constant 1967 
value terms by adjusting time series models given in Equa­
tions [4-1] through [4-4] by the appropriate index series 
given in Equations [4-5] through [4-8]. 
Table 4.4. Input Factors: Actual and Predicted Data 
From Regression Models (Constant 1967 Values).* 
L a b o r M a t e r i a l s E l e c t r i c E n e r g y C a p i t a l 
Y e a r A c t u a l P r e d i c t e d A c t u a l P r e d i c t e d A c t u a l P r e d i c t e d A c t u a l P r e d i c t e d 
1 9 5 0 7, 8 5 7 . 36 7, 3 9 9 . 87 5 , 5 8 4 . 23 4 2 8 0 . 06 2 2 1 . 52 1 5 0 . 87 6 7 1 3 . 15 6 3 2 7 . 68 
1 9 5 1 8 6 2 2 . 97 8 , 3 3 6 . 40 6 , 3 7 3 . 75 5 9 2 7 . 04 2 4 7 . 99 2 2 4 . 07 7 8 9 6 . 19 7 5 8 5 . 99 
1 9 5 2 7, 7 8 0 . 08 8 , 2 7 2 . 06 6 , 4 2 2 . 35 6 1 5 8 . 1 3 2 3 3 . 03 2 3 7 . 56 9 , 4 3 6 . 03 8 7 4 2 . 49 
1 9 5 3 8, 7 2 6 . 32 7, 4 8 9 . 61 7, 1 7 8 . 77 5 , 3 7 3 . 34 1 8 8 . 40 2 0 8 . 19 10 3 9 3 . 35 9 8 2 5 . 9 3 
1 9 5 4 7, 3 6 3 . 64 8 , 0 5 2 . 76 5 , 3 8 5 . 76 6 4 9 2 . 12 2 3 9 . 38 2 5 9 . 12 10 9 4 6 . 06 11 0 4 6 . 2 5 
1 9 5 5 8 2 3 3 . 39 7, 2 9 2 . 06 7, 0 5 6 . 04 5 , 7 3 8 . 09 3 1 2 . 90 2 3 1 . 05 1 1 6 3 5 . 1 3 12 1 3 1 . 9 1 
1 9 5 6 8, 1 8 4 . 06 8 , 1 4 8 . 83 7, 7 1 0 . 1 3 7 , 2 7 2 . 25 3 2 1 . 84 2 9 9 . 50 12 9 3 9 . 60 13 3 8 2 . 1 0 
1 9 5 7 8, 1 7 7 . 5 1 7, 5 0 8 . 12 7, 2 2 8 . 83 6 , 6 8 7 . 97 3 2 1 . 06 2 7 8 . 59 14 7 6 5 . 54 14 4 7 9 . 97 
1 9 5 8 6, 4 9 2 . 82 7, 4 0 3 . 9 1 5 6 0 3 . 3 1 6 8 6 2 . 66 2 3 7 . 79 2 8 9 . 70 15 8 8 3 . 81 1 5 , 6 3 2 . 4 0 
1 9 5 9 6 , 4 4 1 . 10 6 , 8 1 8 . 29 6, 7 5 6 . 56 6 3 5 6 . 32 2 4 2 . 9 8 2 7 2 . 08 1 6 , 6 5 3 . 54 1 6 , 7 3 5 . 87 
1 9 6 0 6 , 8 9 3 . 77 6 , 9 4 8 . 98 6 , 3 0 7 . 4 5 6 8 6 3 . 3 1 2 7 1 . 97 2 9 7 . 2 0 1 8 , 0 6 4 . 77 1 7 , 9 1 2 . 20 
1 9 6 1 6 , 3 8 6 . 28 6 , 2 0 0 . 24 5 , 8 3 1 . 22 6 , 1 2 6 . 2 1 2 7 3 . 32 2 6 9 . 84 1 8 , 7 6 0 . 97 18 9 9 9 . 08 
1 9 6 2 6 , 2 7 8 . 12 5 , 8 6 2 . 94 6 , 4 6 4 . 77 5 , 9 7 1 . 15 2 7 9 . 89 2 6 7 . 04 1 9 , 2 7 4 . 47 2 0 , 1 2 7 . 80 
1 9 6 3 6 , 2 7 7 . 16 6 , 3 6 0 . 84 6 , 5 1 7 . 9 5 6 9 9 7 . 62 3 0 2 . 07 3 1 4 . 07 1 9 , 9 9 5 . 9 1 2 1 , 3 4 1 . 49 
1 9 6 4 6 , 7 0 6 . 12 6 , 8 5 1 . 13 7, 3 8 2 . 98 8 0 1 3 . 33 3 4 9 . 07 3 6 0 . 65 2 1 , 4 1 1 , 4 6 2 2 , 5 5 4 . 40 
1 9 6 5 6 , 9 3 1 . 14 6 , 7 2 1 . 54 8 , 3 7 7 . 59 8, 1 5 2 . 11 3 6 0 . 29 3 7 0 . 24 2 3 , 0 0 4 . 51 2 3 , 7 0 4 . 26 
1 9 6 6 6 , 9 9 3 . 1 2 6 , 3 3 0 . 95 8 , 1 6 6 . 09 7, 9 2 1 . 67 3 7 6 . 30 3 6 4 . 26 2 4 , 6 7 0 . 50 2 4 , 8 2 7 . 57 
1 9 6 7 6, 4 9 6 . 40 6 , 8 1 7 . 6 1 7 , 4 5 3 . 2 0 8 9 3 2 . 25 3 8 1 . 8 1 4 1 0 . 62 2 6 , 0 5 4 . 30 2 6 , 0 4 0 . 1 1 
1 9 6 8 6 6 5 4 . 16 6 , 9 7 4 . 40 8 , 3 7 7 . 56 9 4 7 6 . 16 4 1 4 . 57 4 3 7 . 30 2 8 , 0 0 6 . 89 2 7 , 2 1 9 . 10 
1 9 6 9 6 6 3 3 . 36 6 , 6 5 6 . 31 8 , 2 6 8 . 49 9 , 3 4 8 . 29 4 3 4 . 65 4 3 5 . 64 2 9 , 2 0 4 . 44 2 8 , 3 4 9 . 7 8 
1 9 7 0 6, 4 2 5 . 40 6, 1 3 5 . 22 8, 3 2 8 . 09 8 , 9 3 3 . 23 4 4 5 . 3 1 4 2 1 . 87 30 5 8 0 . 87 29 4 5 9 . 8 1 
1 9 7 1 5 9 2 2 . 49 5 , 7 8 4 . 5 1 8, 7 2 3 . 62 8 7 5 9 . 20 4 3 6 . 89 4 1 8 . 27 31 4 7 5 . 86 30 5 8 7 . 17 
1 9 7 2 6 0 7 0 . 91 6 0 2 8 . 30 9 0 6 4 . 97 9 4 2 6 . 19 4 6 3 . 04 4 5 0 . 14 32 1 1 2 . 50 31 7 7 5 . 0 1 
1 9 7 3 6 3 2 0 . 51 6 3 1 1 . 96 1 1 . 3 7 8 . 35 1 0 , 1 4 9 . 59 5 1 6 . 48 4 8 4 . 39 32 8 8 1 . 70 3 2 , 9 9 6 . 91 
1 9 7 4 6 2 1 5 . 15 5, 8 3 4 . 37 1 2 , 9 3 9 . 08 9 7 9 6 . 07 5 0 9 . 64 4 7 3 . 2 1 33 4 7 7 . 17 34 0 8 1 . 36 
1 9 7 5 5 3 3 8 . 32 5 , 3 4 5 . 91 1 0 , 1 3 0 . 38 9 4 2 7 . 17 4 5 5 . 0 1 4 6 1 . 39 35 0 4 9 . 24 35 1 9 4 . 7 1 
1 9 7 6 5 3 8 1 . 77 5 2 8 8 . 82 10 546 . 35 9 6 6 8 . 52 4 8 7 . 7 1 4 7 5 . 31 36 5 7 4 . 69 36 3 5 1 . 94 
1 9 7 7 5 8 9 1 . 89 1 0 , 8 4 3 . 78 5 2 8 . 61 37 5 7 6 . 33 
1 9 7 8 5, 2 9 7 . 31 1 0 , 3 2 4 . 76 5 1 0 . 46 38 6 7 8 . 88 
1 9 7 9 4 1 5 1 . 31 9 , 0 2 5 . 67 4 5 9 . 40 39 3 0 9 . 22 
1 9 8 0 4 , 3 5 7 . 44 9 6 3 9 . 37 4 8 9 . 02 40 9 0 9 . 35 
1 9 8 1 5 2 9 9 . 31 H i 2 9 3 . 92 5 6 2 . 55 4 2 , 1 6 8 . 20 
1 9 8 2 4 8 5 0 . 45 1 0 , 9 8 1 . 05 5 5 3 . 08 43 2 8 5 . 58 
1 9 8 3 3 4 6 2 . 07 9 , 3 3 9 . 07 4 8 7 . 57 44 3 0 7 . 39 
1 9 8 4 3 4 8 5 . 48 9 6 9 4 . 30 5 0 6 . 29 45 4 7 2 . 8 1 
1 9 8 5 4 6 7 1 . 47 1 1 6 9 4 . 19 5 9 4 . 38 46 7 5 6 . 49 
1 9 8 6 4 4 4 5 . 60 H i 6 9 6 . 77 5 9 8 . 22 47 8 9 6 . 55 
*Millions of Dollars. 
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Similar productivity computations will be given for the 
actual historical data from 1950 to 1976 shown in Table 4.2. 
Two sets of computations will be performed. One by 
dividing each output factor by the sum of the four inputs and 
other by dividing over three inputs, extracting the effect 
of capital. This is done because input factors such as labor, 
materials, and electric energy represent costs that are 
incurred during a given year. These costs are variable in 
nature. They will vary according to the level of output and 
can be viewed as the costs incurred at a particular period to 
provide that period's amount of output. 
On the other hand, capital costs, measured as capital 
stock at a given period of time, is a fixed cost. Its level 
will not vary in the short run with increasing or decreasing 
amounts of output, as the other input factors do. This dif­
ference in the nature of the input factors suggests that the 
productivity trends should also be observed by extracting the 
effect of capital, leaving only the effect of the variable 
cost factors. 
Table A.5 presents the productivity results for the 
four input factor case, using the time series forecasts for 
the input factors, along with similar computations performed 
by using the actual data. Table A.6 presents the results for 
the case of three inputs, excluding capital. Plots of these 
results are shown in Figure 4.11 through 4.14. 
From Figures 4.11 and 4.12 we can make the following 
Figure 4.11. Productivities in Terms of Shipments and Production, Four Input Case 



























- Actual data 
- Forecasts, one period ahead 
- Forecasts, 1977 to 1986 
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Figure 4.12. Productivities in Terms of Revenues, Four Input Case (Inputs by 
Time Series). 
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comments about productivities in respect to four input factors. 
1. There is a decrease in productivity in both actual and 
forecasted data from 1950 to 1976. Declines of produc­
tivities are also forecasted from 1977 to 1986. Larger 
declines are observed until the late fifties and earlier 
sixties. Slight improvements occur during the earlier 
and mid-sixties but decreases continue from the late 
sixties and during the seventies but at a lower rate than 
in the sixties. 
2. Shipments/L+M+EE+C: From 1950 to 1965 in most years a 
one period lag of the forecasted series respect to the 
actual series can be noticed. This is caused by the lag 
that exists during these years in the forecasted produc­
tion series that is used to forecasts the level of ship­
ments. From 1966 to 1976 the lag disappears and the 
forecasted series performs better in reproducing the 
actual variations. Despite the lags at earlier periods 
the modeled series is able to give a proper representa­
tion of the actual trend over the long run which is the 
main interest of this work. 
3. Production/L+M+EE+C: There is a one period lag from 
1950 to 1963. From 1964 to 1976 there is agreement on 
the increases and decreases of actual and forecasted 
series. The overall trend in the forecast series is a 
valid representation of the actual series. 
4. Revenues/L+M+EE+C: Similar behavior as above is seen 
9 6 
but there are several early years when increases and 
decreases coincide, such as in 57-58, 58-59, 60-61, 
62-63, and 63-64. After 1965 actual and modeled varia­
tions agree. There is also a valid representation of 
the actual trend with the model. 
Figures 4.13 and 4.14 shows the trends considering 
only labor, materials, and electric energy input factors. 
The plots show different results from those of the four input 
factors. There are moderate increased from 19 50 to the 
early sixties, then larger increases until the late sixties 
followed by decreases until 1976. This gives a representa­
tion of the trends of outputs in relation to the sum of 
variable costs input factors alone. The effect of the fixed 
cost capital stock factor is excluded. This has several 
implications. It can be seen that productivity gains have 
been achieved over some period of time if the effect of 
fixed capital stock is excluded. Also it can be observed 
that the forecasted series is now more volatile than the 
one that considers four inputs. The inclusion of capital 
had the effect of smoothing out year to year variations. 
These points will be treated further in later sections. 
From the individual plots it can be observed that: 
1. Shipments/L+M+EE: From 1950 to 1959 there is a one 
period lag. From 1960 to 1976 increases and decreases 
coincide with those of actual data. The forecasted 
plot appears to be considerably more volatile than the 
10.0 
Production 
Figure 4.13. Productivities in Terms of Shipments and Production, Three Input 
Case (Inputs by Time Series). 
1 . 4 
0.8 
Actual data 
Forecasts, one period 
ahead 
Forecasts, 1977 to 1986 
Years 
85 86 




one for actual data. 
2. Production/L+M+EE: A one period lag exists from 1950 to 
1957. From 1963 to 1976 there is a mixed pattern but 
for most years increases and decreases in forecasted 
and actual series move together. 
3. Revenues/L+M+EE: From 1950 to 1965 there are some years 
where there is agreement on increases and decreases and 
in others the one year lag is present. From 1965 to 197 6, 
movements of both series go together. There is the 
exception between years 7 3 and 74. In this year, there 
was a larger than normal increase in steel prices that 
was not adequately predicted in the model, resulting in 
actual data increase when the model was predicting a 
large decrease. 
Even though the three input models give representations 
of the actual data trends, it has the problem of the volatility, 
caused by the exclusion of capital from the denominator. 
Capital carried the largest share of input in the denominator 
and its variations were almost independent of the variations 
of the outputs. This resulted in a smoothing effect provided 
by capital. This explains the larger volatility in the 
productivity measures with three inputs than in the ones 
with the four inputs. But for both, still some variations 
can be explained by the fact that output factor of shipments 
and revenues are based on the forecasts for production. On 
the other hand, input figures used in the denominators vary 
100 
according to their time series behavior and not respect to 
the forecasts of production as the output factors of the 
numerator do. 
The next section presents results of actual and fore­
casted productivities by now using the regression relation­
ships presented in the "Regression Models for Input Factors" 
section of this chapter, where each input factor is related 
to production and the time period. In this way both input 
and outputs will vary according to their relationship to a 
common factor. 
Productivity Computations From 
Regression Models of Inputs 
This section presents the results of productivities 
where the input factors are related to the forecasted produc­
tion level and to the particular time period. These rela­
tionships have been presented earlier in Equations [4-12] 
through [4-15]. Outputs are forecasted as in the previous 
section. By using the one period ahead forecasts from 
Equation [4-9] into Equation [4-10] relating shipments to 
production and in turn using these shipment predictions in 
Equation [4-11] to predict revenues. 
This approach makes use of the production forecasts 
to predict the level of both outputs and inputs. It repre­
sents a more consistent approach than the one presented in 
the previous section because it requires the forecasts of 
only one factor, from which input and output predictions 
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can be obtained. Both the numerator and denominator of pro­
ductivity are affected by the changing characteristics of the 
same factor. This facilitates the understanding of produc­
tivity changes. Tables A.7 and A.8 present these productivity 
results that can also be viewed in Figures 4.15 to 4.18. 
The plots show that the volatility of the forecasted 
series has been reduced. This is more evident in the fore­
casted series based on only three inputs. The year to year 
increases and decreases are more moderate and resemble better 
the actual data variations. 
It is also noted that the forecasted series generally 
lies below the actual series in time intervals when the actual 
series trend is increasing, and above it, when the actual 
series trend is decreasing. This behavior occurs because 
all the inputs and two outputs are predicted now by using 
regression expressions that tend to provide with a "best" 
straight line fit for those factors. 
This makes the forecasted productivity series to be 
similar to a "best" straight line, that is being fitted to 
the actual productivity series. 
The forecasts for the future ten year time span, 1977 
to 1986, predict higher values than what is forecasted with 
the approach using time series models for the inputs. For 
the three input measures the forecasted series predicts 
increases at almost the same rate that was being predicted 
during the late sixties and seventies. The other approach 
Figure 4.15. Productivities: in Terms of Shipments and Production, Four Input 
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forecasted steep variations with an overall decreasing trend. 
This downward trend was caused by the forecasted effect of 
the labor factor in constant value terms. From Table 4.3 
it can be seen that the labor factor in constant value terms 
increases from 1978 to 1986 causing the forecasted produc­
tivity to have an overall downward trend. It is believed 
that the forecasted increase in constant dollar labor input 
is not justified because it would mean increasing the work 
force relative to the output and that contradicts the 
historical trend. 
These results imply that the approach of relative 
input and output factors through regression expressions 
provide a more valid representation of the trends in actual 
data series and on what to expect in terms of the trends 
for future periods. 
Rates of Change in Actual and 
Forecasted Productivity Series 
Table 4.5 presents the results of Figures 
4.15 through 4.18 in terms of the average annual percent 
change for each of the productivity series. The forecasted 
series are based in the regression models for the input 
factors. 
The following observations can be made: 
1. First both actual and forecasted series agree on 
decreasing trends when considering the four input 
case, and on small increased for the three input case. 
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Table 4.5. Productivity Measures Average 
Annual Percent Change*. 
Outputs Outputs 
Four Input Case Three Input Case 
Time Ship- Produc- Ship- Produc-
Interval ments tion Revenues ments tion Revenues 
Actual 
1950-1976 -2. 27 -2. 07 -2. 05 + 0. 71 + 0. 83 -0. 13 
Forecasts 
1950-1976 -2. 08 -1. 98 -2. 93 + 0. 87 + 0. 97 + 0. 04 
Forecasts 
1977-1986 -1. 64 -1. 65 -2. 36 + 0. 43 + 0. 45 -0. 26 
*Calculated by least squares of the series of indexes of 
productivity, 1967 = 100. This measurement approach is 
consistent with the method used by the B.L.S. to measure 
average annual rates of change in output per manhour indexes. 
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2. The forecasted rates of change show slightly smaller 
declines than the actual rates, for the case of four 
inputs and slightly larger gains than the actual for 
the case of three inputs. 
3. The forecasted series from 1977 to 1986 show smaller 
declining rates than over the 1950-76 interval for the 
four input case. For the three input case, it shows 
smaller gains from 1977 to 1986 than what was forecasted 
from 1950 to 1976. 
4. The revenues measure shows larger declines and smaller 
gains than the shipments and production measures. 
5. For both the four input and three input cases, the fore­
casted rate of changes provide a good approximation 
of the actual rates of change. 
In Table 4.6 the results of productivity average 
annual rate of changes in terms of production, are compared 
to the average annual rate of change of the ratio of produc­
tion to the each individual input factor. 
From Table 4.6 it is noted that the forecasted rates 
for the ratios of production to the individual input factors 
from 1950 to 1976 are very close to the actual rates. This 
results in similar productivities in terms of production for 
both forecasted and actual. 
Decreasing rates in the capital, electric energy and 
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Table 4.6. Production Ratios Average Annual Rate 







Production/Labor + 2.94 + 3.13 + 3.47 
Production/Materials -0.84 -0. 87 -0.77 
Production/Electric Energy -1.91 -1.96 -1. 28 
Production/Capital -4.68 -4.56 -2.43 
Production/Sum (4 inputs) -2.07 -1.98 -1.65 
Production/Sum (3 inputs) 
(Excluding Capital) + 0. 83 + 0.97 + 0.45 
materials ratio and increases in the labor ratio bring about 
decreasing rates of -1.98 percent per year for the four 
input case and increases of +0.97 percent per year for the 
three input case, that excludes the effect of capital. 
It is evident that the larger declines in the produc­
tion to capital stock ratio, drives productivity down, when 
the effect of capital is included. The larger declining 
rates for capital are added to the fact that capital, takes 
by far, the largest share as an input factor due to the 
capital intensive nature of the steel industry. 
Forecasted production ratios for individual inputs 
from 1977 to 1986 show small overall improvements. Produc­
tion in respect to labor shows higher gains and in respect to 
materials, electric energy and capital, it shows more moderate 
declines than from 1950 to 1976. This results in smaller 
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declining rates of -1.65 percent for the four input case 
and slightly smaller gains of +0.45 percent for the three 
input case. 
Sensitivity Analysis 
It is the purpose of this section to observe what 
changes in average annual rates of productivity are obtained 
by varying the average annual rates of change for the fore­
casted input factors series. 
This analysis will cover the forecasted ten year 
span from 1977 to 1986. It will give insight regarding what 
variations in productivity trends can result if the series 
of input factors vary at different rates from those that 
were forecasted by the models. 
The analysis requires the following steps: 
1. Computation of average annual rates of change from 1977 
to 1986 for the input factors series obtained by using 
Equations [4-12] through [4-15]. These equations pre­
dict constant dollar value input factors in terms of 
the production forecasts and the time period. 
2. Change each input factor's rate of change, from 1977 to 
1986, obtained above, by a plus and minus one percent. 
3. Compute a new series for each input factor's plus and 
minus one percent rate of change. 
4. Compute productivity, having performed the plus and 
minus one percent change in the particular input series. 
Ill 
Eight changes are made, two for each of the four input 
factors. 
This analysis is performed by making one change at a 
time with the other factors at their forecasted rates. For 
each input factor rate of change effected, a corresponding 
productivity rate of change results, that can be compared to 
the rates originally forecasted. 
The productivity measure used is the ratio of produc­
tion in respect to both the four and three input factors. 
Table 4.7 presents the results of the analysis. The 
differences in average rates of change in productivity from 
those predicted by the models show the relative importance 
of each input factor in effecting productivity change. 
For the four input case, the plus and minus one per­
cent changes in capital result in +0.75 percent differences 
in the productivity rate. Whereas, materials and labor, 
effect smaller changes of +0.18 and +0.07 percent, respec­
tively. It is noted that the largest improvement is obtained 
by reducing the capital input rate to -1.76 percent, the 
minus one percent change in capital. This changes the produc­
tivity rate from -1.65 percent to -0.89 percent. However, 
this change is still not large enough to produce a positive 
trend in productivity. 
For the three input case, that excludes the effect 
of capital, it is noted that a +0.70 percent difference 
results from the materials change and approximately a +0.25 
T a b l e 4 . 7 . S e n s i t i v i t y A n a l y s i s R e s u l t s . 
Production/Labor + Materials + Elec. Energy + Capital Production/Labor + Materials + Elec. Energy 
1977-1986 Forecasted Average Annual Percent Rate 1977-1986 Forecasted Average Annual Percent Rate 
Rate = -1.65% Rate = +0.45% 




-3.12 + 1.09 + 1.61 + 2.76 -3.12 + 1.09 + 1.61 
Input Factors 
+1 Percent Change -4 12 -2 12 +0.09 +2. 09 +0.61 +2.61 + 1 76 +3 76 -4 12 -2 12 +0.09 +2.09 +0.61 +2.61 
Production/I Inputs 
Avg. Annual Rates 
(Percent) 




+ 0 06 -0 08 +0.19 -0. 17 +0.01 -0.01 + 0 76 -0 74 +0 23 -0 28 +0.71 -0.69 +0.04 -0.04 
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percent difference from the labor change. It is noted 
that the increase of one percent in the materials rate to 
+2.09 percent can reverse the positive +0.45 percent rate 
of productivity to a negative -0.24 percent rate. 
The effect of the changes in electric energy, for both 
the four and three input cases are very small in relation to 
the effects of the changes of the other input factors. 
In order to get a better understanding of the magnitude 
of the changes in the rates of input factors that are required 
to bring about productivity improvements, consider the results 
presented in Table 4.8. These show the improvements in aver­
age annual productivity rates of change when the forecasted 
labor series decreasing rate is made twice as large and the 
increasing capital, materials and electric energy rates are 
reduced by half. The magnitude of these changes will be 
different for each input factor and will be proportional to 
each input series forecasted rate of change. 
For the four input case none of the changes in the 
input rates are large enough to reverse the negative produc­
tivity trends. This means that when changes are effected one 
at a time, larger improvements in the rates of change in input 
series are required to produce positive trends in the ratio 
of production in respect to the sum of the four inputs. 
Capacity Expansion Hypothesis 
The last part of Chapter II covered the forecasts and 
outlooks that several steel industry analysts have made about 
Table 4.8. Productivity Improvements. 
Production/Labor + Materials Production/Labor + 
+ Elec. Energy + Capital Materials + Elec. Energy 
1977-1986 Forecasted Ave. Annual 1977-1986 Forecasted Ave. 
Rate = -1.65% Annual Rate = +0.45% 
Input Factors Labor Materials 
Elec. 






-3.12 +1.09 +1.61 + 2.76 -3.12 +1. 09 -1.61 
Input Factors 
Half and Twice Rates 
Improvements 
-6.240 +0.545 +0.805 +1.380 -6.240 +0.545 +0.805 
Production/i: Inputs 
Ave. Annual Rates 
(Percent) 
-0.85 -1.60 -1.64 -0.62 + 1.14 + 0. 85 +0.47 
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future demand prospects and on what effect this may have on 
the need for increasing new capacity and replacing the 
obsolete existing equipment. So it is possible to hypothesize 
a schedule of increases in production capacity resulting 
from additional expenditures that are expected in order to 
increase such capacity. Thinking in terms of a productivity 
framework, this means increases in the production output fac­
tor and in the fixed capital stock input factor. However, 
the other two output and three input factors should be 
modified in order to take into account the increased produc­
tion levels. This is done by using the relationships [4-10] 
and [4-11] for outputs and [4-12] through [4-15] for inputs, 
that relate each of these factors to production. Doing 
this, the new forecasted series for production and capital 
stock are assumed based on what the industry expects to do 
in terms of capacity expansion. Then the remaining factors 
are obtained by using the previously developed relationships. 
It will then be possible to compare the previously 
developed productivity trends for the future, with the ones 
that will result due to this particular program of capacity 
expansion predicted by the industry. It should be clear that 
the previously forecasted trends of productivity assume in 
their forecasts from 1977 to 1986, that the historical 
relationships between outputs and inputs will continue. The 
capacity expansion hypothesis developed here is explicitly 
assuming a different capital factor relationship from the 
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one predicted from historical data. The same is true for 
the production factor. One purpose is to observe how these 
changes reflect in the productivity series. 
From the opinions of the analysts mentioned in Chapter 
44 48 55 58 
II ' ' ' certain capacity expansion assumptions are 
made. It is assumed that an approximate 15 percent of 
capacity increases has been postponed after the 1975 reces-
44 . 55 sion. This means that Dilley's original estimate of 
25-23 million tons of additional capacity by 1980 can be 
reduced to 20 million tons, and that the estimated capital 
expenditure requirements of $4.5-5.0 billion per year can be 
reduced to an approximate $4.0 billion per year. 
An estimated schedule of capital expenditures and 
increases of capacity requires other assumptions. Due to 
the delays and deferred expansions due to the 1975 recession 
and to the well publicized capital shortage, the time span 
during which the capacity expansion is to be accomplished 
will be the six year span from 1977 to 1982 instead of the 
period between 1975 and 1980 originally assumed by the 
authors in late 1974. It is then assumed that an average one 
year lag for capacity to become fully productive exists and 
an average of 90 percent capacity utilization during the 
six year time span will result. The assumed schedule of 
capital expenditures and production is given in Table 4.9. 
The production schedule shown in the right hand column of 
Table 4.9 also agrees with the latest forecasts given by the 
Table 4.9. Capacity Expansion Schedule Assumed. 
Production 
Estimated Production 90 Percent 
Additional Available 90 Percent Capacity 
Capital New Production Capacity One Year 
Expenditure Capacity Capacity Utilization Lag 
(Billion (Million (Million (Million (Million 
Year Dollars) Tons)(1) Tons) Tons) Ton) 
1977 $4.0 3.33 162.33(2) 146.1 143.1 
1978 4.0 3.33 165.67 149.0 146.1 
1979 4.0 3.33 169.00 152.1 149.1 
1980 4.0 3.33 172.33 155.1 152.1 
1981 4.0 3. 33 175.67 158.1 155.1 
1982 4.0 3.33 179.00 161.1 158.1 
1933 4.0(3) 161.1 
(1) 20 Million tons/6 yrs. = 3.33 tons/year. 
(2) Based on production capacity of 159 million tons by 1976 (from AISI). 
(3) Assumed in order to be able to compute productivity in 1983 because 
increase in production extends to 19 83 due to the assumed one year lag. 


















1977 5,572.48 10,391.92 509.56 38,772.49 143,100 
1978 5,519.02 10,638.40 523.69 40,970.29 146,100 
1979 5,465.55 10,884.88 537.82 43,168.09 149,100 
1980 5,412.09 11,131.36 551.96 45,365.89 152,100 
1981 5,358.63 11,377.84 566.09 47,563.69 155,100 
1982 5,305.16 11,624.32 580.22 49,761.49 158,100 
1983 5,257.70 11,870.79 594.36 51,959.29 161,100 
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U. S. Industrial Outlook that predicts shipments of 107 
million tons by 1982. Roughly shipments represent 68 to 70 
percent of production. From our schedule, this means 158.1 x 
0.68 = 106.5 million tons by 1982 which agrees with the U. S. 
Industrial Outlook Forecast. 
Table 4.10 shows the data used in the computation 
of productivities for the assumed capacity expansion schedule 
Productivity results in terms of the ratio of produc­
tion to the sum of the four or the sum of the three inputs, 
exluding capital, are presented in Table 4.9. 
Table 4.11 shows that the ratio of production to the 
sum of labor, materials, electric energy, and capital inputs 
decreases at an average annual rate of -1.93 percent. The 
Table 4.11. Capacity Expansion Average Annual 




(1977-1983) -1.93 +0.76 
Forecasted 
(1977-1986) -1.65 +0.45 
ratio of production to the sum of the three inputs, exluding 
capital, increases at an average annual rate of +0.76 percent 
Comparing these rates with the ones forecasted from 19 77 to 
19 86, based on the historical relationships of the previous 
section, we notice that production in respect to the four 
inputs decreases from an average -1.65 percent per year 
12 0 
to an average -1.93 percent per year. On the other hand, 
the ratio of production to the sum of the three inputs, 
excluding capital, increases from an average annual rate of 
+0.4 5 percent to +0.76 average percent per year. This means 
that the assumed rate of capital expenditures required to 
increase production capacity not only fails to increase 
productivity, but it results in even larger declining rates. 
This occurs because the increases in production are more than 
offset by the increases in capital stock. 
If the effect of capital is excluded, it is noted that 
improvements in productivity occur. This means that produc­
tion is increasing at a larger rate than the sum of the 
other three input factors. 
Obviously, these results and interpretations are 
based on our assumptions, which can be summarized as follows: 
1. 20 million tons of additional capacity from 1977 to 1982. 
Capital expenditures of $4.0 billion per year, accounting 
for inflation, over this six year time span, that includes 
expenditures for added capacity, replacements and pollu­
tion control required by the government. This takes into 
account an approximate 15 percent reduction in capacity 
expansion programs from what was originally planned in 
197 5. These figures assume an approximate 13 percent 
share of shipments accounted by imports. 
2. Schedule of capital expenditures and capacity increases 
assumes a one year lag. 
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3. 90 percent average capacity utilization from 1977 to 
1983. 
4. Assume that an insignificant amount of existing facilities 
will be scrapped. It assumes that the replaced equip­
ment and machinery will be used on stand-by basis in 
order to be able to meet peak demands. From the avail­
able data it is difficult to come up with a scrappage 
rate based on historical data. 
5. Assume a $4.0 billion expenditure in 1983 in order to 
take into account the increased capacity in that year, 
resulting from the expenditure in 19 82. 
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CHAPTER V 
CONCLUSIONS AND RECOMMENDATIONS 
Conclusions 
This study has measured composite productivity for 
the aggregate U. S. iron and steel industry, by taking annual 
shipments, production and revenues as output factors in rela­
tion to labor, materials, electric energy and capital input 
factors in constant value terms. Two cases for treating 
inputs are considered. In relation to the four input factors 
mentioned above and also in relation to labor, materials, and 
electric energy, omitting the effect of capital. Comparison 
of these two cases provide conclusions about the effect of the 
industry's capital stock in respect to productivity. 
A model to be used in productivity calculations is 
developed. Model equations for output and input factors 
are obtained by using forecasting and regression techniques. 
Input factors are modeled by both, time series and regression 
approaches. The time series approach uses actual data for 
input factors in absolute value terms to obtain model para­
meters. These absolute value series are deflated by appropriate 
index series which are also modeled by time series in order 
to obtain the constant dollar value of inputs. The regres­
sion approach relates the annual production level and the 
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given time period to the constant value of the various 
input factors. Outputs are modeled by using time series 
forecasts of production in a regression model relating ship­
ments to production. Revenues is then predicted by relating 
it to the level of shipments and the particular time period. 
Productivity measurements from 1950 to 1976 is per­
formed for the actual data. The actual data results are 
compared to those obtained by the models, using the one 
period ahead forecasts from 1950 to 1976. The ten year 
period forecasts from 1977 to 1986 are obtained from the 
models. 
The productivity results based on the regression 
models that relate input factors to the production level 
and the time period, provide better results than the approach 
that uses time series to model the input factors. The regres­
sion approach is more consistent in treating outputs and 
inputs. It predicts both outputs and inputs from each year's 
forecasted level of production and time period. On the 
other hand, the time series approach treats outputs by its 
relation to production also, but treats inputs by only taking 
into account their timely behavior, and not explicitly 
relating them to the level of output for a particular year. 
This can result in large year to year variations in produc­
tivity. Treating inputs with the regression approach reduces 
this large variability or volatility in the forecasted produc­
tivity, making them more representative of the actual data 
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variations. 
Productivity average annual rates of change from 1950 
to 1976 are calculated for both the actual and forecasted 
data from the regression approach. Forecasted average rates 
of change are obtained from 1977 to 1986. 
Sensitivity analysis is performed by assuming different 
rates of change in the input factors from those forecasted 
by the models, and observing what effects do they have in 
the productivity trends. The forecasted input factors rates 
of change from 19 77 to 19 86 are changed by + one percent 
and the effect of these changes are measured in terms of the 
new productivity rates of change obtained. 
A capacity expansion program is hypothesized from 
1977 to 1982, and its effect on productivity rates is mea­
sured. It is based on estimates that have been presented 
by several steel industry analysts of the estimated capital 
expenditure requirements to increase capacity, make replace­
ments and meet pollution control standards. In addition other 
simplifying assumptions are included. 
The conclusions of this study are appropriate in 
terms of the assumptions made and the measurement and 
methodology procedures utilized in treating output and input 
factors. The overall conclusions can be summarized in the 
following points: 
1. Negative productivity rates are obtained by measuring 
each of the three outputs in respect to the sum of the 
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four inputs. These rates show productivity declines 
between two and three percent per year. Measuring out­
puts in respect to the sum of labor, materials, and 
electric energy, explicitly omitting the effect of capital 
give result to positive productivity rates ranging from 
close to zero growth to slightly below one percent per 
year. These results indicate that the increased in capi­
tal stock over the years, have brought about smaller than 
proportional increases in output factors. The constant 
dollar capital increases have given continuing decrease in 
composite productivity. When the effect of capital is 
excluded it is noticed that some composite productivity 
improvements have been achieved. 
Composite productivity forecasts from 1977 to 1986, show 
that if the observed rates of change in output and input 
factors continue in the future, only small improvements 
in the negative rates of change for composite productivity 
in terms of the four inputs, are likely to occur. 
Sensitivity analysis has shown the relative importance 
of each input factor in bringing about composite produc­
tivity changes. The capital intensive nature of the 
steel industry makes capital the most important input 
factor in effecting productivity changes. A + one per­
cent variation from the forecasted rate of growth of 
capital stock causes a +0.75 percent variation in the 
forecasted ratio of production to the sum of the four 
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inputs. The analysis has shown that even if the fore­
casted rate of growth in capital, materials, and electric 
energy is cut by half and the declines in labor's rate 
doubled, positive productivity rates are not obtained 
yet, when each of these changes is brought in one at a 
time, leaving the other factors at their forecasted rates. 
4. The capacity expansion program hypothesized from 1977 to 
19 82 fails to show improvements in the rates of change 
of composite productivity in respect to the four inputs. 
The estimated capital expenditures required for adding 
new capacity, making replacements, and meeting pollution 
control standards, are too large to improve future com­
posite productivity rates of change. Rates from 1977 to 
19 83, for the capacity expansion program assumed, show 
larger decreases of -1.93 percent per year compared to 
-1.65 percent per year forecasted from 1977 to 1986. 
5. The results of this study show how different the results 
of a partial productivity measure, such as the commonly 
used output per manhour, published by the B.L.S., can be 
in relation to the results obtained by using productivity 
measures that explicitly take into account the effect 
of various important input factors. The average annual 
rates of change of the B.L.S. index of output per employee 
hour for the steel industry show a 1.7 percent increase 
from 1950 to 1976 and a more moderate growth of 1.3 per­
cent from 1971 to 1976. The explicit consideration of the 
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effects of additional input factors shows that improve­
ments in labor productivity are not large enough to pro­
vide positive composite productivity trends, where other 
input factors, including capital are considered. 
Recommendations 
It has been shown in this study that the measurement 
of composite productivity that considers several input 
factors, gives a more comprehensive view of productivity than 
partial productivity measures that only consider one input 
factor. The study has provided an approach to be used in 
forecasting and predicting annual level of output and inputs 
factors from which productivity predictions can be computed. 
This requires a specific measurement approach to obtain each 
output and input factor. Further research in this area 
should emphasize the measurement process, because it is 
critical in the success of a particular productivity measure. 
The improvement of a measurement system for dealing with 
aggregate data can be very complicated and might require 
tedious adjustments. Despite this fact, it is appropriate 
to make attempts to disaggregate each factor's contribution 
into homogeneous components. For example, labor input might 
consider separately the different workers skills. Materials 
can be separated by major raw material types. Energy input 
should include all energy sources separately. Similarly, 
the different plant equipment, machinery and processes can 
1 2 3 
s e p a r a t e l y b e t a k e n i n t o a c c o u n t . T h e s a m e i s t r u e f o r t h e 
o u t p u t f a c t o r s , w h e r e c l a s s i f i c a t i o n m i g h t b e d o n e i n t e r m s 
o f t h e d i f f e r e n t s t e e l p r o d u c t s . 
D i s a g g r e g a t i o n , i n a d d i t i o n t o p r o v i d i n g a m o r e p r e c i s e 
m e a s u r e m e n t p r o c e d u r e , w o u l d p e r m i t a b e t t e r u n d e r s t a n d i n g 
o f t h e v a r i a t i o n s t h a t m i g h t r e s u l t t h r o u g h t i m e i n t h e 
i n d i v i d u a l o u t p u t a n d i n p u t f a c t o r s . 
O t h e r r e c o m m e n d a t i o n s d e a l i n g w i t h t h e m e a s u r e m e n t 
p r o c e d u r e a n d o t h e r a r e a s a r e g i v e n i n t h e f o l l o w i n g p o i n t s : 
1 . I m p r o v e m e n t of t h e m e a s u r e m e n t a p p r o a c h c a n b e g a i n e d 
i f s o m e a d j u s t m e n t i n o u t p u t a n d i n p u t f a c t o r s a r e p e r ­
f o r m e d t o a s s u r e t h a t i n p u t l e v e l s r e p r e s e n t t h e r e s o u r c e s 
u s e d t o p r o v i d e w i t h t h e r e p o r t e d l e v e l o f o u t p u t f o r a 
p a r t i c u l a r y e a r . A n e x a m p l e o f t h i s w o u l d b e a n a d j u s t ­
m e n t f o r i n v e n t o r i e s , f o r u n i t s o f o u t p u t p r o d u c e d a n d 
s o l d i n d i f f e r e n t y e a r s , e t c . 
2. D i s a g g r e g a t i n g o u t p u t a n d i n p u t f a c t o r s d a t a , a s i t i s 
m e n t i o n e d a b o v e , m i g h t p e r m i t o n e t o c o m p u t e p h y s i c a l u n i t 
q u a n t i t i e s t o b e m u l t i p l i e d b y a p p r o p r i a t e u n i t c o s t s o r 
u n i t p r i c e s . T h i s w o u l d p e r m i t t h e u s e o f l e s s a g g r e g a t e d 
i n d e x e s a s d e f l a t o r s o f t h e a b s o l u t e v a l u e d a t a . 
3 . A n a t t e m p t s h o u l d b e m a d e t o m e a s u r e t h e c a p i t a l i n p u t b y 
a l t e r n a t i v e a p p r o a c h e s , o t h e r t h a n g r o s s c a p i t a l s t o c k . 
T h e a p p r o a c h e s m e n t i o n e d i n t h e l i t e r a t u r e o f a p p l y i n g a 
b a s e p e r i o d r a t e o f r e t u r n a n d t h e l e a s e v a l u e c o n c e p t s 
c a n b e u s e d t o c o m p u t e e a c h y e a r ' s c o n t r i b u t i o n o f c a p i t a l . 
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4 . H a v i n g c a l c u l a t e d t h e c a p i t a l i n p u t b y a l t e r n a t i v e 
a p p r o a c h e s , a n a t t e m p t s h o u l d b e m a d e t o c o m p u t e c o s t o f 
a d d i t i o n a l c a p a c i t y n e e d e d i n o r d e r t o p r o d u c e c o m p o s i t e 
p r o d u c t i v i t y i n c r e a s e s . T h i s w o u l d g i v e i n s i g h t s o n t h e 
p o s s i b i l i t i e s o r n o t o f i m p r o v i n g c o m p o s i t e p r o d u c t i v i t y 
t h r o u g h t h e i n s t a l l a t i o n o f n e w c a p a c i t y . 
5. A n a t t e m p t s h o u l d b e m a d e t o o b t a i n f o r e c a s t s o r p r e d i c ­
t i o n s o f t h e o u t p u t f a c t o r s b y t a k i n g i n t o a c c o u n t t h e 
e x p e c t e d d e m a n d s o f t h e m a j o r m a r k e t s e c t o r s . A n e x a m p l e 
o f t h i s i s s h o w n i n A p p e n d i x I I o f t h i s s t u d y b u t i n o r d e r 
t o b e o f u s e i t w o u l d r e q u i r e a f o r m a l a p p r o a c h f o r 
o b t a i n i n g f o r e c a s t s o f t h e d e m a n d s o f t h e m o r e s i g n i f i ­




Table A.l. Input Factors: Actual Data and Forecasts From 
Time Series Models (Absolute Value).* 
L a b o r M a t e r i a l s E l e c t r i c E n e r g y C a p i t a l 
Y e a r A c t u a l F o r e c a s t s A c t u a l F o r e c a s t s A c t u a l F o r e c a s t s A c t u a l F o r e c a s t s 
1 9 5 0 3 1 0 0 2 , 8 1 2 4 400 3 7 2 3 2 4 9 2 1 0 . 4 8 , 1 0 0 7 , 8 9 9 
1 9 5 1 3 8 0 0 2 , 9 8 7 5 5 0 0 4 2 7 8 2 7 4 2 0 2 . 2 9 , 1 0 0 8 6 9 9 
1 9 5 2 3 7 0 0 3 , 7 9 5 5 , 4 0 0 5 , 6 0 9 2 6 1 2 5 0 . 8 1 0 , 4 0 0 1 0 , 1 0 0 
1 9 5 3 4 4 0 0 3 8 0 6 6 1 0 0 5 4 1 8 307 2 6 1 . 0 1 1 , 2 0 0 1 1 , 7 0 0 
1 9 5 4 3 8 0 0 4 2 9 9 4 6 0 0 6 , 1 8 5 2 6 3 2 8 0 . 4 1 1 , 7 0 0 1 2 , 0 0 0 
1 9 5 5 4 7 0 0 4 0 7 0 6 1 0 0 4 , 6 6 3 3 1 8 2 8 7 . 0 1 2 , 3 0 0 1 2 , 2 0 0 
1 9 5 6 5 0 0 0 4 5 1 1 7 0 0 0 6 1 6 6 3 2 0 2 8 9 . 0 1 3 , 4 0 0 1 2 , 9 0 0 
1 9 5 7 5 5 0 0 5 1 4 6 6 7 0 0 7 1 3 3 3 2 8 3 3 2 . 1 1 5 , 1 0 0 14 5 0 0 
1 9 5 8 4 7 0 0 5 4 5 5 5 2 0 0 6, 8 4 2 2 5 0 339 . 3 1 6 , 2 0 0 16 800 
1 9 5 9 5 1 0 0 5 , 0 3 2 6 4 0 0 5 3 4 0 2 5 4 2 9 5 . 8 1 7 , 0 0 0 17 3 0 0 
1 9 6 0 5 5 0 0 5 , 052 6 0 0 0 6, 5 4 4 2 9 2 2 3 9 . 3 1 8 , 3 0 0 17 800 
1 9 6 1 5 3 0 0 5 6 5 2 5 5 0 0 6, 2 0 3 2 9 6 2 6 6 . 2 1 9 , 0 0 0 19 600 
1 9 6 2 5 4 0 0 5 , 512 6, 1 0 0 5 6 9 2 2 9 9 2 9 7 . 5 1 9 , 5 0 0 19 700 
1 9 6 3 5 , 6 0 0 5 5 7 2 6 2 0 0 6 3 3 4 3 1 1 3 0 2 . 6 2 0 , 1 0 0 20 0 0 0 
1 9 6 4 6 1 0 0 5 , 8 2 1 7 0 0 0 6 4 7 8 3 5 4 3 1 2 . 8 2 1 , 5 0 0 20 700 
1 9 6 5 6 5 0 0 6 2 9 0 8 1 0 0 7 3 2 4 3 6 0 3 4 9 . 9 2 3 , 0 0 0 22 900 
1 9 6 6 6 8 0 0 6 7 8 1 8 0 0 0 8 5 0 3 3 7 2 3 8 7 . 3 2 4 , 7 0 0 24 5 0 0 
1 9 6 7 6 4 0 0 7 1 3 0 7 6 0 0 8 4 7 3 3 8 1 4 0 0 . 8 2 6 , 1 0 0 26 400 
1 9 6 8 7 0 0 0 6 946 8 6 0 0 8 1 2 4 4 1 5 4 1 7 . 1 2 8 , 1 0 0 27 5 0 0 
1 9 6 9 7 4 0 0 7 359 8 800 9 2 0 8 4 3 8 4 4 7 . 5 2 9 , 3 0 0 30 1 0 0 
1 9 7 0 7 6 0 0 8 0 0 8 9 2 0 0 9 5 2 0 469 4 9 0 . 2 3 0 , 8 0 0 30 5 0 0 
1 9 7 1 7 7 0 0 8, 2 8 0 9 9 0 0 10 0 2 0 5 0 2 5 3 0 . 2 3 1 , 9 0 0 32 300 
1 9 7 2 8 7 0 0 8 5 5 0 10 7 0 0 10 8 6 0 5 6 4 5 7 8 . 2 3 2 , 6 0 0 33 000 
1 9 7 3 10 2 0 0 9 496 14 5 0 0 1 1 8 1 0 677 6 4 6 . 9 3 3 , 6 0 0 33 300 
1 9 7 4 11 800 1 1 1 4 0 19 900 1 5 830 8 8 1 7 7 1 . 5 3 4 , 5 0 0 34 6 0 0 
1 9 7 5 1 1 . 800 12 9 0 0 1 7 , 4 0 0 2 1 5 6 0 9 7 1 9 9 4 . 9 3 7 , 1 0 0 35 400 
1 9 7 6 1 3 2 0 0 13 4 6 0 19 2 0 0 19 3 4 0 1 , 1 9 0 1 , 2 1 7 . 0 3 9 , 9 0 0 39 700 
1 9 7 7 1 4 , 7 0 1 2 1 337 1 , 4 3 8 . 1 42 6 9 5 
1 9 7 8 1 6 , 6 8 6 23 8 9 8 1 , 7 7 9 . 1 45 4 8 5 
1 9 7 9 18 8 4 5 26 847 2 , 2 0 6 . 2 48 2 7 1 
1 9 8 0 2 1 4 6 8 30 3 1 0 2 , 7 6 4 . 9 51 052 
1 9 8 1 2 4 , 4 5 8 34 337 3 , 4 8 0 . 9 53 828 
1 9 8 2 2 7 , 9 9 2 39 0 4 3 4 , 4 0 7 . 3 56 5 9 9 
1 9 8 3 3 2 , 0 8 3 44 5 2 9 5 , 6 0 0 . 7 59 3 6 5 
1 9 8 4 3 6 , 877 50 9 3 2 7 , 1 4 1 . 2 62 1 2 6 
1 9 8 5 4 2 , 4 5 5 58 4 0 1 9 , 1 2 7 . 8 64 8 8 3 
1 9 8 6 4 8 , 9 7 0 67 1 6 2 1 1 , 6 9 0 . 7 67 6 3 5 
* A c t u a l d a t a r o u n d e d o f f . 
*Millions of dollars. 
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Table A.2. Indexes: Actual Data and Forecasts From 
Time Series Models. 
Industrial 
Steel Price Commodities Electric Energy 
Index Labor Index Index Index 
Year Actual Forecasts Actual Forecasts Actual Forecasts Actual Forecasts 
1 9 5 0 5 9 . 40 60 41 7 8 . 00 7 6 . 07 1 1 3 0 1 2 1 . 5 
1 9 5 1 6 4 . 00 62 86 44 40 42 . 1 2 8 5 . 10 7 8 . 90 1 1 1 0 1 1 2 . 7 
1 9 5 2 6 5 . 40 68 5 3 48 70 49 . 1 1 8 4 . 10 8 9 . 30 1 1 2 0 1 1 5 . 1 
1 9 5 3 7 0 . 50 67 85 5 1 30 52 . 3 4 8 4 . 80 8 1 . 81 1 1 0 0 1 1 5 . 5 
1 9 5 4 7 3 . 80 76 07 52 80 54 . 6 0 8 5 . 00 8 7 . 50 1 1 0 0 1 1 1 . 5 
1 9 5 5 7 7 . 20 76 61 57 20 55 . 25 8 6 . 90 8 4 . 15 102 0 1 1 4 . 4 
1 9 5 6 8 3 . 80 8 1 63 62 10 62 . 39 9 0 . 80 8 9 . 36 99 5 9 6 . 9 
1 9 5 7 9 1 . 80 88 78 67 60 66 . 57 9 3 . 30 9 1 . 99 1 0 2 0 1 0 4 . 5 
1 9 5 3 9 5 . 00 96 22 73 80 7 3 . 2 5 9 3 . 60 9 5 . 09 1 0 5 0 1 0 4 . 1 
1 9 5 9 9 6 . 50 96 43 79 80 79 . 06 9 5 . 30 9 4 . 35 1 0 5 0 1 1 0 . 3 
1 9 6 0 9 6 . 40 98 47 80 30 85 . 2 0 9 5 . 30 9 7 . 61 1 0 8 0 1 0 6 . 0 
1 9 6 1 9 6 . 00 97 53 83 . 8 0 8 1 . 52 9 4 . 80 9 6 . 15 1 0 8 0 1 1 5 . 0 
1 9 6 2 9 5 . 80 97 99 87 30 89 . 03 9 4 . 80 9 6 . 78 1 0 6 0 1 0 8 . 9 
1 9 6 3 9 6 . 30 98 18 89 30 90 . 6 8 9 4 . 70 9 6 . 54 1 0 3 0 1 0 9 . 4 
1 9 6 4 9 7 . 10 99 63 9 1 50 9 . 355 9 5 . 20 9 6 . 97 1 0 2 0 1 0 3 . 3 
1 9 6 5 9 7 . 50 1 0 0 9 94 10 95 . 35 9 6 . 40 9 7 . 81 1 0 0 . 0 1 0 5 . 8 
1 9 6 6 9 8 . 90 1 0 1 9 97 40 99 . 5 4 9 7 . 40 9 9 . 60 99 0 1 0 0 . 3 
1 9 6 7 1 0 0 . 0 1 0 4 8 1 0 0 0 1 0 3 . 2 1 0 0 . 0 1 0 0 . 7 1 0 0 . 0 1 0 2 . 3 
1 9 6 8 1 0 3 . 0 106 4 1 0 6 0 1 0 6 . 5 1 0 3 . 0 1 0 4 . 6 1 0 0 0 1 0 2 . 9 
1 9 6 9 1 0 7 . 0 1 1 1 7 1 1 3 0 1 1 5 . 7 1 0 6 . 0 1 0 7 . 7 1 0 1 . 0 1 0 2 . 6 
1 9 7 0 1 1 4 . 0 116 6 1 1 9 *0 1 2 3 . 6 1 1 0 . 0 1 1 1 . 6 1 0 5 . 0 1 0 4 . 9 
1 9 7 1 1 2 3 . 0 1 2 6 1 1 3 2 0 1 3 0 . 2 1 1 4 . 0 1 1 6 . 5 1 1 5 0 1 1 1 . 3 
1 9 7 2 1 3 0 . 0 1 3 5 9 1 4 9 0 1 4 9 . 2 1 1 8 . 0 1 2 1 . 2 1 2 2 . 0 1 2 6 . 5 
1 9 7 3 1 3 4 . 0 1 4 2 7 1 6 1 0 1 6 8 . 1 1 2 7 . 0 1 2 6 . 2 1 3 1 . 0 1 2 9 . 7 
1 9 7 4 1 7 0 . 0 147 5 1 9 1 0 1 7 7 . 8 1 5 4 . 0 1 3 8 . 2 1 7 3 . 0 1 4 5 . 3 
1 9 7 5 1 9 7 . 0 1 9 8 8 2 2 3 0 2 2 2 . 1 1 7 2 . 0 1 7 2 . 6 2 1 4 . 0 2 1 6 . 7 
1 9 7 6 2 1 0 . 0 2 0 9 0 2 4 7 0 2 4 9 . 9 1 8 2 . 0 1 8 4 . 6 2 4 4 . 0 2 4 7 . 2 
1 9 7 7 2 2 1 2 2 7 1 . 4 1 9 8 . 4 2 8 5 . 3 
1 9 7 8 2 3 1 3 2 9 4 . 9 2 1 8 . 0 3 4 0 . 3 
1 9 7 9 2 4 1 0 3 1 8 . 5 2 4 0 . 3 4 1 0 . 4 
1 9 8 0 2 5 0 . 4 3 4 1 . 8 2 6 6 . 2 5 0 0 . 0 
1 9 8 1 2 5 9 . 5 3 6 5 . 0 2 9 6 . 0 6 1 4 . 3 
1 9 8 2 2 6 8 . 3 3 8 8 . 0 3 3 0 . 5 7 6 0 . 1 
1 9 8 3 2 7 6 . 8 4 1 1 . 0 3 7 0 . 3 9 4 6 . 3 
1 9 8 4 2 8 5 . 2 4 3 3 . 9 4 1 6 . 2 1 , 1 8 3 . 8 
1 9 8 5 2 9 3 . 2 4 5 6 . 8 4 6 9 . 1 1 , 4 8 7 . 0 
1 9 8 6 3 0 1 1 4 7 9 . 6 5 3 0 . 2 1 , 8 7 3 . 8 
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Table A.3. Production Actual* and Forecasts 
(Millions of Tons). 
Year Actual Forecasts 
1950 96. 800 72. 690 
1951 105. 000 103. 000 
1952 93. 100 105. 700 
1953 112. 000 88. 590 
1954 88. 300 108. 600 
1955 117. 000 92. 090 
1956 115. 000 120. 200 
1957 113. 000 107. 000 
1958 85. 200 108. 600 
1959 93. 400 96. 920 
1960 98. 200 105. 000 
1961 98. 000 88. 820 
1962 98. 300 83. 990 
1963 109. 000 102. 200 
1964 127. 000 120. 200 
1965 131. 000 121. 100 
1966 134. 000 114. 800 
1967 127. 000 132. 700 
1968 131. 000 141. 500 
1969 141. 000 137. 200 
1970 132. 000 127. 300 
1971 120. 000 122. 100 
1972 133. 000 133. 300 
1973 151. 000 145. 600 
1974 146. 000 136. 900 
1975 117. 000 127. 900 
1976 128. 000 130. 800 
1977 151. 911 
1978 139. 984 
1979 112. 845 
1980 123. 006 
1981 153. 464 
1982 145. 556 
1983 111. 731 
1984 116. 852 
1985 154. 043 
1986 152. 287 
*Actual data rounded off. 
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Table A.4. Input Factors: Actual Data and Predictions From 
Regression Models (Constant 1967 Value).* 
L a b o r M a t e r i a l s E l e c t r i c E n e r g y C a p i t a l 
Y e a r A c t u a l P r e d i c t e d A c t u a l P r e d i c t e d A c t u a l P r e d i c t e d A c t u a l P r e d i c t e d 
1 9 5 0 7 8 5 7 . 36 8 2 7 5 . 52 5 5 8 4 . 2 3 5 5 1 8 . 3 1 2 2 1 . 52 2 0 3 . 09 6 7 1 3 . 15 6 4 1 6 . 72 
1 9 5 1 8 6 2 2 . 97 8 4 1 6 . 5 3 6 3 7 3 . 75 6 0 3 9 . 86 2 4 7 . 99 2 2 8 . 82 7 8 9 6 . 19 7 5 9 4 . 10 
1 9 5 2 7 7 8 0 . 08 7 8 1 8 . 12 6 4 2 2 . 35 5 5 1 5 . 47 2 3 3 . 03 2 1 0 . 44 9 4 3 6 . 0 3 8 6 9 6 . 27 
1 9 5 3 8 r 7 2 6 . 32 8 3 2 4 . 49 7 1 7 8 . 77 6 5 5 3 . 85 1 8 8 . 40 2 5 7 . 98 10 3 9 3 . 40 9 9 1 0 . 82 
1 9 5 4 7 3 6 3 . 64 7 3 1 7 . 64 5 3 8 5 . 76 5 4 5 1 . 78 2 3 9 . 38 2 1 5 . 23 10 9 4 6 . 10 10 9 7 1 . 44 
1 9 5 5 8 2 3 3 . 39 8 1 9 6 . 78 7 0 5 6 . 04 7 0 1 7 . 37 3 1 2 . 90 2 8 5 . 00 1 1 6 3 5 . 10 12 2 2 3 . 90 
1 9 5 6 8 , 1 8 4 . 06 7 9 6 8 . 59 7 7 1 0 . 1 3 7 0 1 6 . 67 3 2 1 . 84 2 8 8 . 7 1 12 9 3 9 . 60 1 3 3 6 3 . 7 3 
1 9 5 7 8 , 1 7 7 . 5 1 7 7 1 5 . 70 7 2 2 8 . 83 6 9 8 1 . 05 3 2 1 . 06 2 9 0 . 94 14 7 6 5 . 50 14 5 0 1 . 04 
1 9 5 8 6 4 9 2 . 82 6 5 5 7 . 96 5 6 0 3 . 3 1 5 6 6 5 . 49 2 3 7 . 79 2 3 9 . 19 15 8 8 3 . 80 15 5 4 6 . 32 
1 9 5 9 6 4 4 1 . 10 6 6 9 2 . 70 6 7 5 6 . 56 6 1 7 8 . 17 2 4 2 . 98 2 6 4 . 55 16 6 5 3 . 50 16 7 2 3 . 06 
1 9 6 0 6 8 9 3 . 77 6 7 0 5 . 8 1 6 3 0 7 . 45 6 5 1 8 . 80 2 7 1 . 97 2 8 2 . 66 18 0 6 4 . 80 17 8 8 7 . 43 
1 9 6 1 6 3 8 6 . 28 6 5 3 3 . 88 5 8 3 1 . 22 6 5 9 7 . 69 2 7 3 . 32 2 8 9 . 72 1 8 7 6 1 . 00 19 032 . 98 
1 9 6 2 6 2 7 8 . 12 6 3 8 3 . 05 6 , 4 6 4 . 77 6 7 0 6 . 43 2 7 9 . 89 2 9 8 . 0 5 19 2 7 4 . 50 20 1 8 0 . 67 
1 9 6 3 6 2 7 7 . 16 6 , 6 1 7 . 20 6 5 1 7 . 95 7 359 . 7 3 3 0 2 . 07 329 . 34 19 9 9 5 . 90 2 1 367 . 53 
1 9 6 4 6 7 0 6 . 12 7 , 100. . 85 7, 3 8 2 . 98 8 3 6 5 . 95 3 4 9 . 07 3 7 5 . 5 1 2 1 4 1 1 . 50 22 5 7 9 . 76 1 9 6 5 6 9 3 1 . 14 7 , 0 9 7 . 64 8 , 3 7 7 . 59 8 6 8 3 . 50 3 6 0 . 29 3 9 2 . 64 2 3 0 0 4 . 50 23 7 4 2 . 47 
1 9 6 6 6 9 9 3 . 12 7, 0 3 1 . 10 8 , 1 6 6 . 09 8 , 9 1 1 . 47 3 7 6 . 30 4 0 6 . 00 24 6 7 0 . 50 24 8 9 8 . 74 1 9 6 7 6 4 9 6 . 40 6 6 1 9 . 18 7, 4 5 3 . 20 8 6 5 0 . 88 3 8 1 . 8 1 3 9 8 . 74 26 0 5 4 . 30 26 0 1 9 . 88 1 9 6 8 6 6 5 4 . 16 6 , 6 1 1 . 00 8 3 7 7 . 56 8 9 6 1 . 4 1 4 1 4 . 57 4 1 5 . 58 2 8 , 0 0 6 . 90 27 1 8 2 . 0 8 
1 9 6 9 6 6 3 3 . 36 6 , 8 0 4 . 08 8 , 2 6 8 . 49 9 5 5 6 . 60 4 3 4 . 65 4 4 4 . 42 2 9 , 2 0 4 . 40 2 8 , 3 6 4 . 76 
1 9 7 0 6 4 2 5 . 40 6 2 8 8 . 46 8 3 2 8 , 0 9 9 1 4 9 . 34 4 4 5 . 3 1 4 3 0 . 98 30 5 8 0 . 90 29 4 7 5 . 35 
1 9 7 1 5 9 2 2 . 49 5 , 7 2 4 . 88 8 7 2 3 . 62 8 6 7 4 . 24 4 3 6 . 89 4 1 4 . 68 3 4 , 4 7 5 . 90 30 5 8 1 . 06 
1 9 7 2 6 0 7 0 . 9 1 6 0 2 6 . 65 9 0 6 4 . 97 9 4 2 3 , 1 7 4 6 3 . 04 4 5 0 . 00 3 2 , 1 1 2 . 50 3 1 , 7 7 4 . 79 
1 9 7 3 6 3 2 0 . 5 1 6 5 0 0 . 97 H i 3 7 8 . 40 1 0 , 4 1 6 . 2 1 5 1 6 . 48 4 9 5 . 62 3 2 , 8 8 1 . 70 3 2 , 9 8 6 . 08 
1 9 7 4 6 2 1 5 . 15 6 1 5 4 . 6 3 12 9 3 9 . 10 10 2 4 8 . 39 5 0 9 . 64 4 9 2 . 28 3 3 , 4 7 7 . 20 34 1 1 3 . 89 
1 9 7 5 5 3 3 8 . 32 4 , 9 3 8 . 2 3 10 1 3 0 . 40 8 8 4 9 . 85 4 5 5 . 0 1 4 3 7 . 03 35 0 4 9 . 20 35 1 5 3 . 20 
*Millions of dollars 
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Table A.5. Productivities: Actual and Forecasts, Four Input 
Factor Case (Inputs by Time Series). 
Actual Forecasts 
Shipments Production Revenues Shipments Production Revenues 
Year L+M+EE+C L+M+EE+C L+M+EE+C L+M+EE+C L+M+EE+C L+M+EE+C 
1 9 5 0 3 . 5 4 5 4 . 7 5 2 . 7 8 4 2 . 9 0 9 3 . 9 8 6 . 6 9 6 
1 9 5 1 3 . 4 1 1 4 . 5 4 6 . 796 3 . 7 0 1 5 . 2 0 0 . 838 
1 9 5 2 2 . 8 4 9 3 . 9 0 3 . 6 9 2 3 . 2 9 7 4 . 6 3 9 . 7 3 9 
1 9 5 3 3 . 026 4 . 2 1 4 . 7 0 1 2 . 5 3 3 3 . 5 2 4 . 5 7 4 
1 9 5 4 2 . 6 3 9 3 . 6 9 0 . 5 9 6 2 . 924 4 . 1 2 0 . 6 3 3 
1 9 5 5 3 . 1 1 0 4 . 2 9 7 . 664 2 . 6 5 2 3 . 6 9 9 .588 
1 9 5 6 2 . 8 5 5 3 . 952 . 6 2 1 3 . 1 7 8 4 . 5 0 4 . 684 
1 9 5 7 2 . 6 2 0 3 . 6 9 6 . 5 5 3 2 . 5 5 4 3 . 596 . 5 5 0 
1958 2. 123 3 . 021 .464 2. 429 3 . 441 . 519 
1 9 5 9 2 . 3 0 5 3 . 1 0 5 . 4 8 5 2 . 3 3 7 3 . 2 7 0 . 498 
1 9 6 0 2 . 2 5 6 3 . 116 . 4 6 2 2 . 4 4 3 3 . 4 3 6 . 5 1 4 
1 9 6 1 2 . 1 1 6 3 . 1 3 6 . 4 3 8 1 . 934 2 . 6 9 2 . 4 0 7 
1 9 6 2 2 . 1 8 4 3 . 0 4 4 . 4 4 7 1 . 8 8 8 2 . 617 . 3 9 5 
1 9 6 3 2 . 2 8 3 3 . 302 . 4 5 4 2 . 2 0 8 3 . 1 0 0 . 454 
1 9 6 4 2 . 3 6 9 3 . 5 4 5 . 4 6 5 2 . 5 0 5 3 . 5 5 0 . 5 0 9 
1 9 6 5 2 . 3 9 6 3 . 3 9 9 . 4 7 1 2 . 2 9 2 3 . 2 4 9 . 4 6 2 
1 9 6 6 2 . 2 3 8 3 . 3 3 5 . 4 5 4 2 . 0 1 9 2 . 8 5 5 . 4 0 4 
1 9 6 7 2 . 077 3 . 1 5 0 . 4 1 3 2 . 2 1 1 3 . 1 4 9 . 4 3 9 
1 9 6 8 2 . 1 1 4 3 . 0 2 5 . 4 1 5 2 . 3 4 2 3 . 3 4 6 . 462 
1 9 6 9 2 . 1 0 8 3 . 1 7 2 . 3 9 7 2 . 1 2 7 3 . 0 3 5 . 4 1 7 
1 9 7 0 1 . 9 8 3 2 . 8 7 3 . 3 6 4 1 . 9 6 3 2 . 7 3 9 . 3 8 2 
1 9 7 1 1 . 869 2 . 5 8 7 . 3 5 3 1 . 8 2 3 2 . 5 8 5 . 3 5 1 
1 9 7 2 1 . 9 2 4 2 . 7 9 3 . 3 5 9 1 . 9 7 0 2 . 807 . 3 7 8 
1 9 7 3 2 . 1 8 1 2 . 9 5 1 . 416 2 . 1 1 0 3 . 0 1 8 . 4 0 4 
1 9 7 4 2 . 0 6 0 2 . 7 4 2 . 4 1 8 1 . 8 5 2 2 . 6 4 1 . 3 5 1 
1 9 7 5 1 . 5 6 9 2 . 2 8 8 . 3 3 0 1 . 7 0 2 2 . 4 1 9 . 3 1 9 
1 9 7 6 1 . 6 3 8 2 . 416 . 3 2 5 1 . 7 3 6 2 . 4 7 1 . 3 2 3 
1 9 7 7 1 . 9 3 9 2 . 7 7 8 . 3 6 2 
1 9 7 8 1 . 7 4 1 2 . 4 8 6 . 3 2 1 
1 9 7 9 1 . 3 8 1 1 . 9 5 0 . 2 4 8 
1 9 8 0 1 . 4 6 1 2 . 0 7 2 . 2 6 2 
1 9 8 1 1 . 7 6 1 2 . 524 . 3 2 1 
1 9 8 2 1 . 6 3 6 2 . 3 3 9 . 2 9 4 
1 9 8 3 1 . 2 4 5 1 . 7 5 7 . 2 1 5 
1 9 8 4 1 . 2 7 1 1 . 7 9 9 . 2 1 9 
1 9 8 5 1 . 62 0 2 . 3 2 2 . 2 8 7 
1 9 8 6 1 . 5 7 0 2 . 2 5 0 . 2 7 6 
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Table A.6. Productivities: Actual and Forecasts, Three Input 
Factor Case (Inputs by Time Series). 
A c t u a l F o r e c a s t s 
S h i p m e n t s P r o d u c t i o n R e v e n u e s S h i p m e n t s P r o d u c t i o n R e v e n u e s 
Y e a r L+M+EE+C L+M+EE+C L+M+EE+C L+M+EE+C L+M+EE+C L+M+EE+C 
1 9 5 0 5 2 8 7 7 . 0 8 7 1 . 1 6 9 4 . 5 3 8 6. 2 1 8 1 . 086 
1 9 5 1 5 177 6 . 9 0 1 1 . 2 0 8 5 . 9 8 6 3 4 1 0 1 . 3 5 5 
1 9 5 2 4 7 1 1 6 . 454 1 1 4 4 5 . 502 7 7 4 1 1 233 
1 9 5 3 4 9 8 0 6 . 9 3 5 1 1 5 4 4 . 5 3 2 6 304 1 . 027 
1 9 5 4 4 862 6 . 7 9 9 1 . 099 5 . 1 6 2 7 2 7 5 1 . 1 1 8 
1 9 5 5 5 4 3 0 7 . 5 0 1 1 . 1 5 9 4 . 9 8 9 6 9 5 9 1 . 106 
1 9 5 6 5 1 3 4 7 . 1 0 5 1 1 1 6 5 . 9 5 7 8 4 4 1 1 282 
1 9 5 7 5 0 8 0 7 . 1 6 7 1 . 0 7 1 4 . 882 6 874 1 . 052 
1 9 5 8 4 858 6 . 9 1 2 1 . 062 5 . 1 2 8 7 2 6 5 1 0 9 5 
1 9 5 9 5 1 6 2 6 . 9 5 2 1 . 086 5 . 5 3 9 7 7 5 2 1 1 8 2 
1 9 6 0 5 2 8 1 7 . 2 9 5 1 . 0 8 2 5 . 7 8 1 CO
 
1 3 1 1 217 
1 9 6 1 5 2 9 4 7 . 847 1 . 096 4 . 7 3 6 6 5 9 0 997 
1 9 6 2 5 4 1 8 7 . 5 5 0 1 1 0 9 4 . 8 6 1 6 7 3 6 1 0 1 6 
1 9 6 3 5 7 6 9 8 . 342 1 1 4 6 5 . 584 7 8 4 1 1 1 4 8 
1 9 6 4 5 . 8 8 3 8 . 8 0 1 1 . 1 5 4 6 . 4 2 7 9 1 0 7 1 3 0 6 
1 9 6 5 5 9 1 4 8 . 3 9 0 1 1 6 3 5 . 9 4 7 8 4 3 1 1 1 9 9 
1 9 6 6 5 7 9 3 8 . 6 3 2 1 176 5 . 1 7 1 7 3 1 0 1 0 3 6 
1 9 6 7 5 . 8 5 4 8 . 877 1 . 1 6 5 5 . 9 1 9 CO
 4 3 0 1 . 1 7 6 
1 9 6 8 5 . 9 4 7 8 . 5 1 1 1 . 1 6 7 6 . 6 7 4 9 5 3 3 1 3 1 8 
1 9 6 9 6 . 1 2 1 9 . 2 1 1 1 1 5 4 6 . 2 6 9 8 9 4 1 1 2 2 9 
1 9 7 0 5 . 9 7 4 8 .65 .3 1 . 0 9 7 5 . 8 1 2 8 2 6 0 1 1 3 0 
1 9 7 1 5 . 7 7 1 7 . 9 8 5 1 . 0 8 8 5 . 5 6 9 7 899 1 074 
1 9 7 2 5 . 885 8 . 5 4 2 1 0 9 9 6 . 1 7 9 8 8 0 1 1 1 8 6 
1 9 7 3 6 1 1 7 8 . 2 7 9 1 1 6 7 6 . 6 1 6 9 4 6 2 1 2 6 5 
1 9 7 4 5 5 6 7 7 . 4 1 1 1 . 1 2 9 5 . 3 2 0 7 5 8 8 1 . 0 0 8 
1 9 7 5 5 0 2 1 7 . 3 2 5 1 0 5 5 4 . 836 6 874 906 
1 9 7 6 5 4 4 9 7 . 7 9 7 1 0 4 9 5 . 6 2 2 8 0 0 1 1 047 
1 9 7 7 6 . 3 9 2 9 1 5 8 1 194 
1 9 7 8 5 . 7 8 9 8 2 6 4 1 068 
1 9 7 9 4 . 6 1 4 6 517 829 
1 9 8 0 4 . 877 6 9 2 0 876 
1 9 8 1 5 . 8 5 5 8 3 9 2 1 066 
1 9 8 2 5 . 3 9 6 7 7 1 7 9 7 1 
1 9 8 3 4 . 0 6 0 5 7 3 1 7 0 2 
1 9 8 4 4 . 0 8 9 5 7 8 6 7 0 5 
1 9 8 5 5 . 1 2 4 7 346 9 0 9 
1 9 8 6 4 . 8 7 1 6 9 7 9 857 
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Table A.7. Productivities: Actual and Forecast, Four Input 
Factor Case (Inputs by Regression). 
A c t u a l F o r e c a s t s 
S h i p m e n t s P r o d u c t i o n R e v e n u e s S h i p m e n t s P r o d u c t i o n R e v e n u e s 
Y e a r L+M+EE+C L+M+EE+C L+M+EE+C L+M+EE+C L+M+EE+C L+M+EE+C 
1 9 5 0 3 . 5 4 5 4 . 7 5 2 . 7 8 4 2 . 9 2 2 4 . 003 . 699 
1 9 5 1 3 . 4 1 1 4 . 546 . 7 9 6 3 . 322 4 . 6 6 6 . 7 5 2 
1 9 5 2 2 . 849 3 . 9 0 3 . 6 9 2 3 . 2 0 9 4 . 5 1 5 . 7 1 9 
1 9 5 3 3 . 026 4 . 2 1 4 . 7 0 1 2 . 7 8 1 3 . 8 6 9 . 6 3 0 
1 9 5 4 2 . 6 3 9 3 . 6 9 0 . 5 9 6 2 . 9 8 1 4 . 2 0 1 . 6 4 6 
1 9 5 5 3 . 1 1 0 4 . 2 9 7 . 6 6 4 2 . 6 0 0 3 . 6 2 7 . 5 7 7 
1 9 5 6 2 . 855 3 . 9 5 2 . 6 2 1 2 . 9 1 5 4 . 1 3 0 . 627 
1 9 5 7 2 . 6 2 0 3 . 696 . 5 5 3 2 . 6 2 5 3 . 6 9 5 . 5 6 5 
1 9 5 8 2 . 1 2 3 3 . 0 2 1 . 4 6 4 2 . 5 3 9 3 . 5 9 7 . 5 4 2 
1 9 5 9 2 . 305 3 . 1 0 5 . 4 8 5 2 . 2 9 5 3 . 2 1 1 . 490 
1 9 6 0 2 . 2 5 6 3 . 116 . 4 6 2 2 . 3 3 1 3 . 2 7 9 . 4 9 1 
1 9 6 1 2 . 1 1 6 3 . 136 . 4 3 8 2 . 0 2 0 2 . 8 1 1 . 4 2 5 
1 9 6 2 2 . 1 8 4 3 . 0 4 4 . 4 4 7 1 . 8 8 1 2 . 6 0 6 . 3 9 3 
1 9 6 3 2 . 2 8 3 3 . 3 0 2 . 4 5 4 2 . 0 7 9 2 . 9 1 9 . 427 
1 9 6 4 2 . 3 6 9 3 . 5 4 5 . 4 6 5 2 . 2 4 5 3 . 1 8 2 . 456 
1 9 6 5 2 . 396 3 . 3 9 9 . 4 7 1 2 . 1 9 3 3 . 1 0 9 . 442 
1 9 6 6 2 . 2 3 8 3 . 3 3 5 . 454 2 . 0 5 9 2 . 9 1 0 . 412 
1 9 6 7 2 . 077 3 . 1 5 0 . 4 1 3 2 . 2 0 8 3 . 1 4 5 . 439 
1 9 6 8 2 . 1 1 4 3 . 0 2 5 . 4 1 5 2 . 2 4 6 3 . 2 0 8 . 4 4 3 
1 9 6 9 2 . 1 0 8 3 . 1 7 2 . 3 9 7 2 . 1 4 8 3 . 0 6 3 . 4 2 1 
1 9 7 0 1 . 9 8 3 2 . 8 7 3 . 3 6 4 1 . 9 9 3 2 . 832 . 3 8 7 
1 9 7 1 1 . 869 2 . 5 8 7 . 3 5 3 1 . 890 2 . 6 8 1 . 3 6 4 
1 9 7 2 1 . 9 2 4 2 . 7 9 3 . 3 5 9 1 . 9 6 3 2 . 7 9 6 . 377 
1 9 7 3 2 . 1 8 1 2 . 9 5 1 . 4 1 6 2 . 0 3 8 2 . 9 1 5 . 3 9 0 
1 9 7 4 2 . 0 6 0 2 . 7 4 2 . 4 1 8 1 . 9 1 3 2 . 7 2 8 . 362 
1 9 7 5 1 . 5 6 9 2 . 2 8 8 . 3 3 0 1 . 7 8 4 2 . 5 3 6 . 3 3 4 
1 9 7 6 1 . 6 8 8 2 . 4 1 6 . 3 2 5 1 . 7 7 5 2 . 5 2 6 . 3 3 1 
1 9 7 7 1 . 9 3 3 2 . 7 7 0 . 3 6 1 
1 9 7 8 1 . 7 8 9 2 . 5 5 4 . 3 3 0 
1 9 7 9 1 . 5 0 9 2 . 1 3 1 . 2 7 1 
1 9 8 0 1 . 5 6 5 2 . 2 2 1 . 2 8 1 
1 9 8 1 1 . 805 2 . 5 8 7 . 3 2 9 
1 9 8 2 1 . 7 0 6 2 . 4 3 9 . 3 0 7 
1 9 8 3 1 . 3 7 4 1 . 9 4 0 . 2 3 8 
1 9 8 4 1 . 3 9 6 1 . 9 7 5 . 2 4 1 
1 9 8 5 1 . 6 8 6 2 . 4 1 8 . 2 9 9 
1 9 8 6 1 . 6 4 4 2 . 3 5 6 . 2 8 9 
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Table A.8. Productivities: Actual and Forecasts, Three Input 
Factor Case (Inputs by Regression). 
A c t u a l F o r e c a s t s 
S h i p m e n t s P r o d u c t i o n R e v e n u e s S h i p m e n t s P r o d u c t i o n R e v e n u e s 
Y e a r L+M+EE+C L+M+EE+C L+M+EE+C L+M+EE+C L+M+EE+C L+M+EE+C 
1 9 5 0 5 . 2 8 7 7 . 087 1 . 1 6 9 4 . 4 8 4 6 . 1 4 4 1 . 0 7 3 
1 9 5 1 5 . 177 6 . 9 0 1 1 . 2 0 8 5 0 6 1 7 . 1 1 0 1 . 1 4 6 
1 9 5 2 4 . 7 1 1 6 . 4 5 4 1 . 1 4 4 5 1 2 2 7 . 2 0 6 1 . 1 4 8 
1 9 5 3 4 . 9 8 0 6 . 9 3 5 1 . 1 5 4 4 . 872 6 . 7 7 8 1 . 104 
1 9 5 4 4 . 862 6 . 799 1 . 0 9 9 5 2 0 6 7 . 3 3 6 1 . 1 2 8 
1 9 5 5 5 . 4 3 0 7 . 5 0 1 1 . 1 5 9 4 9 7 9 6 . 9 4 4 1 . 104 
1 9 5 6 5 . 134 7 . 1 0 5 1 . 1 1 6 5 . 3 9 6 7 . 6 4 6 1 . 1 6 1 
1 9 5 7 5 . 0 8 0 7 . 167 1 . 0 7 1 5 2 5 0 7 . 3 9 2 1 1 3 1 
1 9 5 8 4 . 8 5 8 6 . 912 1 . 0 6 2 5 267 7 . 4 6 1 1 . 1 2 5 
1 9 5 9 5 . 162 6 . 9 5 2 1 . 0 8 6 5 1 5 0 7 . 2 0 8 1 099 
1 9 6 0 5 . 2 8 1 7 . 2 9 5 1 . 0 8 2 5 2 9 1 7 . 4 4 2 1 114 
1 9 6 1 5 . 294 7 . 847 1 . 0 9 6 5 0 6 8 7 . 0 5 1 1 067 
1 9 6 2 5 . 4 1 8 7 . 5 5 0 1 . 1 0 9 5 0 0 8 6 . 9 4 1 1 047 
1 9 6 3 5 . 7 6 9 CO
 342 1 . 1 4 6 5 . 3 2 3 7 . 4 7 5 1 0 9 5 
1 9 6 4 5 . 8 8 3 8 . 8 0 1 1 . 1 5 4 5 5 7 1 7 . 8 9 5 1 1 3 2 
1 9 6 5 5 . 9 1 4 8 . 390 1 . 1 6 3 5 6 0 4 7 . 9 4 4 1 1 3 0 
1 9 6 6 5 . 7 9 3 CO
 6 3 2 1 . 1 7 6 5 5 5 6 7 . 8 5 4 1 1 1 3 
1 9 6 7 5 . 854 8 . 877 1 . 1 6 5 5 7 6 6 8 . 2 1 1 1 1 4 6 
1 9 6 8 5 . 9 4 7 8 . 5 1 1 1 . 1 6 7 5 866 8 . 3 7 9 1 1 5 8 
1 9 6 9 6 . 1 2 1 9 . 2 1 1 1 . 1 5 4 5 8 5 1 8 . 3 4 5 1 147 
1 9 7 0 5 . 9 7 4 8 . 6 5 3 1 . 097 5 7 8 2 8 . 2 1 8 1 124 
1 9 7 1 5 . 7 7 1 7 . 9 8 5 1 . 0 8 8 5 7 5 4 8 . 1 6 1 1 1 0 9 
1 9 7 2 5 . 885 8 . 542 1 . 0 9 9 5 884 8 . 3 8 1 1 1 2 9 
1 9 7 3 6 . 1 1 7 8 . 2 7 9 1 . 167 6 0 0 8 8 . 592 1 1 4 9 
1 9 7 4 5 . 567 7 . 4 1 1 1 . 1 2 9 5 . 9 6 1 8 . 5 0 1 1 . 129 
1 9 7 5 5 . 0 2 1 7 . 3 2 5 1 . 0 5 5 5 . 9 0 6 8 . 3 9 5 1 107 
1 9 7 6 5 . 4 4 9 7 . 7 9 7 1 . 0 4 9 5 9 5 6 8 . 4 7 6 1 . 1 0 9 
1 9 7 7 6 . 1 4 1 8 . 7 9 9 1 . 1 4 7 
1 9 7 8 6 0 7 8 8 . 6 7 7 1 1 2 1 
1 9 7 9 5 8 6 0 8 . 2 7 5 1 0 5 2 
1 9 8 0 5 . 9 8 5 8 . 4 9 1 1 0 7 5 
1 9 8 1 6 2 4 1 8 . 9 4 5 1 . 137 
1 9 8 2 6 . 212 8 . 8 8 4 1 . 1 1 8 
1 9 8 3 5 957 8 . 4 0 8 1 0 3 0 
1 9 8 4 6 . 0 3 4 8 . 5 3 8 1 . 0 4 1 
1 9 8 5 6 . 3 3 6 9 . 0 8 3 1 . 1 2 4 
1 9 8 6 6 . 349 9 . 0 9 7 1 . 117 
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Table A.9. Productivities Capacity Expansion. 
Production Production 
Year L+M+EE+C L+M+EE 
1977 2.590 8.686 
1978 2.534 8.758 
1979 2.483 8.829 
1980 2.435 8.897 
1981 2.391 8.964 
1982 2.350 9.029 
1983 2.312 9.093 
Average 
Annual Rate -1.93% +0.76% 
Table A.10. Variables Adjusted Data. 
Dependent Variables Independent Variables 
Yl Y2 Y3 XI X2 X3 X4 
P e r C a p i t a 
P e r s o n a l 
P e r C a p i t a D i s p o s a b l e I n d u s t r i a l 
S h i p m e n t s P r o d u c t i o n R e v e n u e s GNP I n c o m e P r o d u c t i o n 
( T h o u s a n d s ( T h o u s a n d s ( M i l l i o n s GPDI/GNP ( C o n s t . 1 9 5 8 ( C o n s t . 1 9 5 8 I n d e x 
Year o f T o n s ) o f T o n s ) o f D o l l a r s ) ( P e r c e n t ) ( 1 ) D o l l a r s ) D o l l a r s ) ( 1 9 5 7 - 5 9 = 1 0 0 ) 
1 9 7 5 7 9 , 9 5 7 1 1 6 , 6 4 2 1 6 , 8 0 7 . 2 0 1 1 . 3 5 3 , 7 5 8 2 , 8 2 5 1 8 8 
1 9 7 4 1 0 9 , 4 7 2 1 4 5 , 7 2 0 2 2 , 2 0 2 . 9 4 1 5 . 4 3 3 , 8 7 5 2 , 8 4 5 2 0 6 
1 9 7 3 1 1 1 , 4 3 0 1 5 0 , 7 9 9 2 1 , 2 4 8 . 9 9 1 6 . 4 6 3 , 9 8 9 2 . 9 4 5 2 0 8 
1 9 7 2 9 1 , 8 0 5 1 3 3 , 2 4 1 1 7 , 1 5 1 . 0 0 1 5 . 7 7 3 , 7 9 5 2 , 7 7 9 1 9 0 
1 9 7 1 8 7 , 0 3 8 1 2 0 , 4 4 3 1 6 , 4 1 4 . 3 9 1 4 . 8 9 3 , 6 0 5 2 , 6 8 3 1 7 7 
1 9 7 0 9 0 , 7 9 8 1 3 1 , 5 1 4 1 6 , 6 7 5 . 3 3 1 4 . 3 1 3 , 5 2 6 2 , 6 1 0 1 7 7 
1 9 6 9 9 3 , 8 7 7 1 4 1 , 2 6 2 1 7 , 7 0 4 . 3 8 1 5 . 2 3 3 , 5 8 0 2 , 5 3 4 1 8 3 
1 9 6 8 9 1 , 8 5 6 1 3 1 , 4 6 2 1 8 , 0 2 4 . 2 0 1 4 . 9 4 3 , 5 1 8 2 , 4 7 4 1 6 6 
1 9 6 7 8 3 , 8 9 7 1 2 7 , 2 1 3 1 6 , 6 9 3 . 9 0 1 4 . 9 4 3 , 3 3 8 2 , 3 9 9 1 5 8 
1 9 6 6 8 9 , 9 9 5 1 3 4 , 1 0 1 1 8 , 2 7 1 . 4 9 1 6 . 6 1 3 , 3 4 2 2 , 3 3 1 1 5 6 
1 9 6 5 9 2 , 6 6 6 1 3 1 , 4 6 2 1 8 , 2 3 0 . 5 6 1 6 . 0 6 3 , 1 8 0 2 , 2 3 9 1 4 3 
1 9 6 4 8 4 , 9 4 5 1 2 7 , 0 7 6 1 6 , 6 6 1 . 2 8 14 . 9 4 3 , 0 0 6 2 , 1 1 6 1 3 2 
1 9 6 3 7 5 , 5 5 5 1 0 9 , 2 6 1 1 5 , 0 0 8 . 0 0 1 4 . 9 6 2 , 9 0 4 2 , 0 0 9 1 2 4 
1 9 6 2 7 0 , 5 5 2 9 8 , 3 2 8 1 4 , 4 4 5 . 2 0 14 . 9 8 2 , 8 3 9 1 , 9 6 9 1 1 8 
1 9 6 1 6 6 , 1 2 6 9 8 , 0 1 4 1 3 , 6 9 0 . 2 1 1 3 . 8 7 2 , 7 0 6 1 , 9 0 9 1 1 0 
1 9 6 0 7 1 , 1 4 9 9 8 , 2 8 2 1 4 , 5 8 1 . 3 3 1 4 . 8 5 2 , 6 9 9 1 , 8 8 3 1 0 9 
1 9 5 9 6 9 , 3 7 7 9 3 , 4 4 6 14 , 5 9 9 . 6 9 1 5 . 8 1 2 , 7 0 0 1 , 8 8 2 1 0 6 
1 9 5 8 5 9 , 9 1 4 8 5 , 2 5 5 1 3 , 0 9 7 . 0 5 1 3 . 6 2 2 , 5 5 8 1 , 8 2 3 94 
1 9 5 7 7 9 , 8 9 5 1 1 2 , 7 1 5 1 6 , 8 5 0 . 5 4 1 5 . 8 0 2 , 6 5 6 1 , 8 1 4 1 0 1 
1 9 5 6 8 3 , 2 5 1 1 1 5 , 2 1 6 18 , 0 9 1 . 2 9 17 . 4 1 2 , 6 7 4 1 , 8 1 0 1 0 0 
1 9 5 5 8 4 , 7 1 7 1 1 7 , 0 3 6 1 8 , 0 8 3 . 1 6 1 7 . 2 1 2 , 6 5 0 1 , 7 9 5 97 
1 9 5 4 6 3 , 1 5 3 8 8 , 3 1 2 1 4 , 2 7 2 . 2 2 14 . 8 6 2 , 4 8 3 1 , 7 1 3 86 
1 9 5 3 8 0 , 1 5 2 1 1 1 , 6 1 0 18 , 5 6 9 . 2 2 1 4 . 6 7 2 , 5 7 6 1 , 7 2 7 9 1 
1 9 5 2 6 8 , 0 0 4 9 3 , 1 6 8 1 6 , 5 1 9 . 2 2 1 5 . 1 3 2 , 5 0 7 1 , 6 7 9 84 
1 9 5 1 7 8 , 9 2 9 1 0 5 , 2 0 0 1 8 , 4 0 9 . 3 8 1 8 . 1 3 2 , 4 6 0 1 , 6 5 9 8 1 
1 9 5 0 7 2 , 2 3 2 9 6 , 8 3 6 1 5 , 9 6 8 . 8 6 1 9 . 5 0 2 , 3 4 2 1 , 6 4 6 7 5 
o 
Table A.10 (Cont'd). Variables Adjusted Data. 
Indeoendent Variables 
X5 X6 X7 X8 X9 X10 X l l X12 
New H o u s i n g M o t o r V e h i c l e S t e e l I m p o r t s 
P l a n t a n d P e r s o n a l P e r s o n a l P e r C a p i t a I n d u s t r i a l 
E q u i p m e n t C o n s u m p t i o n i n C o n s u m p t i o n P e r s o n a l I n d e x P-rodnr-t- -i r>n I ~K \ F.v.r>f=nri i t u r e s 
1 9 6 7 
D u r a b l e G o o d s 
( C o n s t . 1 9 5 8 
E x p e n d i t u r e s 
( C o n s t . 1 9 5 8 
E x p e n d i t u r e s 
( C o n s t . 1 9 5 8 
D u r a b l e s 
M a n u f a c t u r e s 
D o l l a r s ) D o l l a r s ) D o l l a r s ) D o l l a r s ) 1 9 5 7 - 5 9 = 1 0 0 
. 6 7 1 0 5 . 6 554 . 1 2 , 5 8 2 176 
. 0 8 1 0 3 . 1 5 3 9 . 5 2 , 5 4 6 206 
. 5 4 1 1 3 . 6 5 5 2 . 1 2 , 6 2 4 207 
. 0 1 104 . 9 527 . 3 2 , 5 2 5 1 8 4 
1.29 92 . 5 
4 9 6 . 4 2 , 3 9 8 168 
. 4 6 8 3 . 8 4 7 7 . 5 2 , 3 3 1 1 7 2 
. 2 8 85 . 6 4 6 9 . 1 2 , 3 1 5 187 
. 1 0 80 . 7 4 5 2 . 6 2 , 2 5 0 1 7 0 
. 4 7 72 . 8 4 3 0 . 3 2 , 1 6 1 164 
. 4 7 7 1 . 7 4 1 8 . 1 2 , 1 2 3 1 6 5 
L 45 66 . 6 3 9 7 . 7 2 , 0 4 7 148 
f.16 58 . 5 
3 7 2 . 1 1 , 9 3 7 134 
. 4 1 53 . 2 3 5 2 . 4 1 , 8 6 0 1 2 5 
:' L 36 4 9 . 2 338 . 6 1 , 8 1 4 118 . 2 6 4 3 . 9 3 2 2 . 6 1 , 7 5 6 107 
. 5 6 44 . 9 3 1 6 . 1 1 , 7 4 9 1 0 9 
. 1 4 44 . 1 307 . 7 1 , 7 3 8 106 
L62 37 . 9 2 9 0 . 1 1 , 6 7 0 90 
L 61 4 1 . 1 287 . 4 1 , 6 7 8 104 t 63 4 1 . 0 2 8 0 . 4 1 , 6 6 7 104 1 9 5 5 1 , 6 4 6 9 , 1 6 9 1 , 4 6 7 33 . 98 43 . 2 274 . 2 1 , 6 4 6 102 
1 9 5 4 1 , 5 5 1 6 , 6 0 1 1 , 2 5 4 3 1 . 56 35 . 0 2 5 3 . 0 1 , 5 5 9 88 
1 9 5 3 1 , 4 3 8 7 , 3 2 3 2 , 4 8 3 33 . 4 0 3 1 . 5 2 4 8 . 9 1 , 5 6 0 100 
1 9 5 2 1 , 504 5 , 5 3 9 1 , 6 9 7 3 1 . 5 0 28 . 2 2 3 8 . 6 1 , 5 2 0 89 
1 9 5 1 1 , 4 9 1 6 , 7 6 5 3 , 5 1 9 29 . 7 8 28 . 6 2 3 1 . 5 1 , 5 0 0 83 
1 9 5 0 1 , 9 5 2 8 , 0 0 3 2 , 0 3 0 25 . 9 1 32 . 1 2 3 0 . 5 1 , 5 2 0 74 
(1) P e r c e n t o f GPDI i n r e s p e c t t o GNP (GPDI = G r o s s P r i v a t e D o m e s t i c I n v e s t m e n t ) . 
(2 ) 1 9 5 0 - 1 9 5 8 i n c l u d e s o n l y non-farm s e r i e s . 
(3 ) P r o d u c t i o n o f a u t o m o b i l e s , t r u c k s , and b u s e s . 
Table A.11. Multiple Regression Results. 
Dependent Variable: Shipments (Tons) Dependent Variable: : Production (Tons) Dependent Variables: Revenues (?) 
Independent Variables Independent Variables Independent Variables 
Stepwise XI to X8 XI to X12 XI to X8 XI to X12 Xl to X8 XI to X12 
Regression 
Step Number Var 
MSE 
6 xlO Var 
MSE 
6 xlO Var R 
MSE 
6 xlO Var 
MSE 
6 xlO Var 
MSE 
6 XlO Var 
MSE 
6 XlO 
1 X6 69. , 99 51. . 4 X6 69. ,99 51. , 4 X8 74. , 86 90. ,0 X12 77. .80 79. .5 X6 35. . 31 3. .06 X6 35. . 31 3. . 06 
2 X8 74. , 83 45. . 0 X12 76. ,29 42. , 4 XI 83. .67 61. ,0 XlO 87. .87 45. ,3 XI 42. ,75 2. .83 XI 42. , 75 2. ,83 
3 XI 82. , 26 33. , 1 XI 86. ,86 24 . , 5 X5 86. .06 54. ,5 XI 91, .2 34. ,2 X2 55. ,21 2. . 31 X12 57. ,65 2. , 19 
4 X5 84. . 91 29. . 5 XlO 88. ,94 21. ,7 X6 89. .68 42. , 3 X6 92. ,01 32. ,7 X5 63. ,38 1. ,98 XlO 63. , 84 1. ,96 
5 X2 87. . 34 26. . 0 X3 90. ,56 19. , 4 X7 90. .73 39. ,8 X7 92. .57 31. ,9 X4 68. ,59 1. .78 X9 72. , 51 1. ,56 
6 X7 88. . 21 25. .5 X5 92. ,20 16. .8 X2 90. .85 41. , 4 X8 93, .42 29. .8* X8 72. ,21 1. .66 X5 78. , 32 1. ,29 
7 (X8) 2 
REM 
88. . 21 24. .2 X8 93. ,41 15. O* 1 X3 92, .54 35. ,6* X5 93. ,70 30. ,1 (X6) 
REM 
72. ,20 1. ,58* (X6) 
REM 
78. ,32 1. ,23 
CO X3 88. , 97 23. . 8* X7 93. ,66 15. , 3 X4 92, .67 37. ,0 X3 94. .04 30. ,1 X7 73. , 59 1. ,58 X3 81. 59 1. , 10 
9 X4 88. ,98 25. . 1 X9 93. .72 16. , 1 X2 94. .09 31. ,7 X3 74. ,64 1. ,60 X8 86. ,24 0. ,87 
10 X2 93, . 89 16, .7 X9 94, .23 33 .0 X6 74. , 79 1. .68 X2 89. ,24 0. .72 
11 X6 91. ,23 0. ,62' 
12 X7 91. ,45 0. ,64 
^Refers to minimum mean square error model. 




This experiment was carried on in order to provide 
with an alternative approach for obtaining forecasts of the 
output factors. It was the purpose of the experiment, to 
obtain, through analysis of historical data, relationships 
between yearly level of outputs and the yearly value of 
several demand indicators. 
It is known that approximately 60 percent of steel 
59 
demand comes from the following market sectors 
1. Automotive 
2. Industrial and residential construction 
3. Containers, packaging and shipping materials 
4. Machinery, industrial equipment and tools 
5. Appliances and other commercial equipment 
6. Railroads 
7. Electrical equipment 
Indicators related to the above areas of demand are 
selected and used in an attempt to capture the behavior of 
the more important steel market sectors. 
Some of the indicators require adjustments to constant 
value terms. Others are expressed in ratios, percentages, and 
physical units and do not require adjustments. 
The method used to analyze this data is through 
multiple regression analysis. The series of yearly output 
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factor levels in tons and in constant dollar for revenues, 
is used as the dependent variable and the series of the 
various indicators in constant value terms are used as the 
independent variables. 
The results of the experiment will permit the selec­
tion of a subset of the indicators that provide with adequate 
explanation of the variations in the outputs series. 
The series are analyzed from 1950 to 1975. The 
following is a list of the indicators used as independent 
variables. 
XI: Gross Private Domestic Investment as percent of Gross 
National Product, GNP 
X2: Per Capita GNP 
X3: Per capita personal disposable income 
X4: Industrial production index (manufacturers) 
X5: New housing started 
X6: Motor vehicle production 
X7: Steel imports shipments 
X8: Business expenditures for new plant and equipment 
In addition, four other indicators were used. These are 
related to some of the ones presented above. 
X9: Personal consumption on durable goods 
XlO: Personal consumption expenditures 
Xll: Per capita personal expenditures 
X12: Industrial production index, durable manufacturers. 
The series of the indicators are obtained from the U. S. 
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Statistical Abstract. The adjusted data that was used in 
the experiment is shown in Table A.10. 
Two sets of results are presented, one by using vari­
ables XI to X8 and another by using all twelve independent 
variables. This distribution is done because some of the 
indicators considered and specially X9 through X12 might be 
correlated with indicators XI through X8. This can cause 
problems of multicolinearity in the regression analysis. 
Results 
Table A.11 shows the stepwise regression results for the 
three outputs. This procedure uses partial correlation 
coefficients to bring variables into the model and can also 
remove variables that were in the equation at earlier steps 
but that there are no longer significant at later steps. 
Not all of the eight or twelve independent variables are 
included in the models because the procedure requires a 
level of significance for the variables to be in the equation. 
Analysis of the results can be summarized in the following 
points: 
Twelve Variable Case 
1. For each of the three output factors, even though the 
order of entering the variables vary, the first four 
variables included in the model are XI, X6, X10 and X12. 
This is a convenient result because the three output 
factors can be related to the same four demand indicators. 
2 
2. In the twelve variable case, R values for the models that 
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include only the first four entered variables are 
88.94, 92.01 and 63.84 percent for shipments, produc­
tion, and revenues respectively. However, better 
predictive model can be obtained by including several 
other variables until the model shows the minimum mean 
square error, (MSE). 
2 
3. The lower R values for revenues shows that the variation 
in shipments and production levels are better explained 
by these demand indicators than the variation in revenues. 
Eight Variable Case 
1. Variables XI, X5, and X6 are included in the first four 
steps. Variable X8 is included in the first two steps 
in the case of shipments and production. 
2 
2. R values for the same number of variables included in the 
model are close to the values obtained for the twelve 
variable case. This means that even through X10 and X12 
are highly significant, large variation can be explained 
without having these variables in the model. 
3. As with the twelve variable case the minimum mean square 
error is obtained by including two or three more variables, 
2 
and the R values for revenues are lower than for ship­
ments and production. 
After having obtained empirical relationships that would 
link the output factors to demand indicators, forecasts of 
the demand indicators can be used to predict the level of 
the output factors. The problem with this approach is that. 
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if its difficult to adequately model the indicator's series, 
the forecasts will be in error and this in turn can cause 
substantial errors in the output predictions. 
Our experiment attempted to obtain adequate time 
series models for variables XI, X6, XlO and X12 and use 
these to predict outputs. The results obtained with this 
approach were not satisfactory. It was difficult to obtain 
adequate forecasts for the indicators by time series, because 
their variations can be caused by many factors, other than 
time. The predictions of outputs from these forecasts failed 
to show the typical steel industry cyclical behavior. 
Another source of complication in relation with the 
regression experiment is the presence of multicolinearity 
among the independent variables. This is caused because 
there is fairly large correlation among the indicators. 
Multicolinearity was checked by observing the large 
single correlation coefficients among the independent vari­
ables and by computing the inverse of the correlation matrix 
in order to extract the variance inflation factor (VIF). 
VIF's larger than 10 is a sign that multicolinearity is 
present, meaning that the independent variables are correlated 
giving unstable parameter estimates. 
Most of the VIF's computed were larger than 30, the 
smaller being 4.1, 4.0, and 18.2 for XI, X5, and X5 respec­
tively. 
Despite these statistical complications, the experi-
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ment has given insight about the more significant demand 
indicators that can be used to predict the level of outputs 
in the steel industry. This method of prediction can be 
useful if reliable forecasts or expectations about future 
steel demands from its major market sectors can be obtained. 
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